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ORIGINAL ARTICLES 


STUDIES IN THE RIND-HARDNESS OF SUGARCANE 

I. ANATOMY OF THE STALK AND RIND-HARDNESS 

BY 

K. L. KHAJSOsTA 

AKD 

RAMA RAO PANJE 
Sugarcane Research Scheme, Bihar 
(Received for publication on lOth May 1938) 

(With Plate I and two text-figures) 


The rind“hardness of sugarcane varieties lias been a subject of some ini* 
portance owing to the preference shown by rodents and other gnawing animals 
to soft-rinded canes, a problem of some concern to growers in many localities. 
Hard and fibrous canes, while comparatively free from pests and generafiy 
good in growth, are not readily accepted by sugar-factories and gfwr-makers, 
owing to comparative difficulty in milling such canes and their poorer extrac- 
tion ; while soft-rinded canes have to be continually guarded against the 
depredations of these various kinds of animals. It is intended in these studies 
to investigate the more important of the factors which influence the hardness 
of the rind. 

These factors are divisible into two categories — ^the internal and external. 
The former are mainly anatomical characters which are an expression of the 
inherent capacity of a variety for the development of a hard rind ; the latter 
are environmental influences which tend to modify, to a greater or less extent, 
the hardness resulting from the internal characters. These two aspects have 
been studied separately and this paper deals with the former concerning the 
anatomical aspect. 

L Intbobxjctiok 

The anatomical characters of the cane stalk form the primary basis for 
the development of hardness in the rind. The number of these characters is 
large and their various combinations appear to jDroduce varying degrees of rind- 
hardness. The ideal combination of these characters woidd be such as would 
result in the development of a hard rind coupled with a soft core. Such a cane 
would probably be characterised by the exclusive development of those mecha- 
nical tissues only which contribute to the hardening of the rind without in any 
way affecting the core. The present studies were undertaken in order to 
identify such tissues and the mode of their most effective distribution. 

( 1 ) 
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II. MiTBRIAI. AND METHODS 

The varieties selected for study were Cos 213, 285, 312, 313, 326 and 356. 
The hardness of the rind in the sampled material of these varieties was deter- 
mined by an instrument described by Khanna [1935], which measures, by means 
of a spring arrangement, the force required to puncture the rind with a standar d 
metal point of diameter O' 75 mm. About a dozen canes of each variety were 
selected at random from the plot and the rind-hardness of these was determin- 
ed roughly by a few punches. Sub-samples of three canes per variety were 
selected from' among these so that a fair range of hardness of the variety was 
represented in them ; the actual age of the shoot was not known, but the three 
selected canes were styled as old, medium and young, according to their 
hardness, for such they evidently were though not selected as such. From 
each of these, cross-sections of the ‘ basal ’ joint (the joint just above the one 
at the ground level) and of the ‘ dry-leaf ’ joint (the one bearing the topmost 
dry-leaf at the time) were cut after determining the hardness'*^ of each of the 
selected joints by four punches all round the joint. When the last variety, 
Co 313, was being tested, unfortunately, the instrument slipped off the cane' 
and the point jammed. As a fresh point would have been sharper and 
would have given erroneous readings, the old point was ground till it gave the 
same readings as were taken on the sampled canes before the point got damaged. 


*Thus the readings in the following pages represent the hardness of tlie paT-licuIar 
material under observation and not necessarily the average hardness of tin* varit^fy as a 
whole. By this means, errors diie to small samples were avoidexi, though, it must be 
admitted, the value of the inferences. arrived at was thereby slightly dimiiiislied for the 
purpose of application to the variety as a whole. 
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2. The size of the vascular bundles and the extent of the occurrence of 

the various sizes. 

3. The area of vascular bundles in cross-section. 

4. The area of total lignified tissues in the rind in cross-section, and the 

distribution of these in the outer and inner portions of the rind. 

5. Character and degree of lignification of parenchyma in the rind. 

6. Degree of lignification of the vascular sheath cells. 

7. Bovvs of sub-epidermal cells and their lignification. 

8. Depth of the peripheral chlorenchymatoiis layer. 

9. Tissue tensions, etc. 

Only three of these characters (the 1st, the 5th and the 6th in the ahove 
list) were found to be of major importance and a detailed study of these was 
taken up. It was obvious in the course of the study that in any variety? 
although the various anatomical factors could not operate independently of 
the related ones, this interdependence or mutual influence was less than could 
have been expected and that varieties could in most cases he highly partial 
to some character, to the comparative exclusion of closely related ones. 

In the following pages, the three characters mentioned above have been 
considered one by one, and in the final part their coiiibined effect has been dis- 
cussed. The relationships are brought out only by arranging the varieties in 
the descending order of the intensity of the character under question and then 
finding out how far in a direct relationship the rind-hardness of the varieties 
so arranged also comes out in the same order and accounting for any possible 
exceptions. It follows from this that if all the characters, or at least all the 
major ones, are considered in their comhination and the varieties arranged in a 
certain order of this combined effect, then the hardness of the varieties so 
arranged would also come out in the same order, and very possibly show a fair 
arithmetical relationship in ratios. In this manner, the three characters may 
now be examined individually. 

1. Number of vascular bundles i^er %mit area of rind in cross-section 

The number of vascular bundles Wvas determined by twelve determina- 
tions per variety, six on the basal joint and six on the ' dry-leaf ’ joint. The 
average of these I'eadings, calculated to a percentage of the total for all the 
varieties ill each case, are compared (Table I) with the average rind-hardness 
- of the joints, sectioned. 
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Table I 


Relation between the number of vascular bundles per unit area of the rind, in cross- 
section, and the rind-hardness 


‘Dry -leaf’ joint 

‘ Basal ’ Joint 

Variety 

Average No. 
of vascul ar 
bundles in 

1 sq. mni. of 
lind in 
cross-section 
(per cent of 
total) 

Bind-hard- 
ness in lbs. 

Variety 

Average No. 
of vascular 
bundles in 

1 sq. mm. 
of rind in 
cross-section 
(percent of 
total) 

Bind-hard- 
ness ill lbs. 

Co 366 

21*8 

18*3 

Co 356 

21*0 

24*4 

Co 285 

17-8 

13*0 

Co 213 

17*6 

18*3 

Co 213 

' 16*4 

' 11*7 

Co 313 

17*1 1 

17*0 

Co 312 ^ 

15*5 

10*4 

Co 312 

15-7 1 

16*5 

Co 313 

18*3 

13*7 

Co 285 

16-0 ! 

20*2 

Co 326 

13*6 

16*8 

Co 326 

13-5 

25*0 


The close relationsliip between the number of vascular bundles and the 
rind-hardness in the case of the ‘ dry-leaf ’ joint as well as in the basal Joint 
may be made out from the above table. Co 326 appears as a striking exception 
in both sections of the table, and Co 285 in the case of the basal joint alone. 
In these varieties, the hardness is greater than is suggested by the number of 
vascular bundles in them, and this, as will be seen later, is because these varie- 
ties lignify the parenchyma of their rind-region to an unusually high degree 
(Plate I, fig. 1). It will be noticed that Co 326 does so even at an early stage. 
The relationship is clearer in the case of the ‘ dry -leaf ’ joint, because ligni- 
fication is usually a later development and does not seriously interfere with 
the influence of the other characters which are operative at that stage. 

2. LignificaMon of the cell-walls in the vascular sheaths 

The Hgnification of cell-walls in the vascular sheaths is one of those charac- 
ters, which would appear to have a somewhat direct influence on the hardness 
of the rind. But as a matter of fact, it can be comparatively inePfective if it 
is not accompanied by its companicn-character, w., the lignification of the 
walls of parenchymatous cells in-between the outer rows of vascular bundles. 
The two characters do not necessarily appear together or develop to the same 



PLATE I 
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Fig. 2 


Fig. 1 



Fig. 3 


r x-u ^ cross-section through the rind portion of Co 326, showing the strong lignificatioii 

oi tile nnd tissues m general, and of the inter-vascular parenchyma in particular. The laro-er size of tlie 
vascular bundles, in comparison with those of Co 356 and Co 313 (Figs. 2 and 3), is also noteworthv' 
Jig. 2 ; Fart of cross-section through rind portion of Co 356. The inter-vascular parenchyma .shows 
adequate h^ification within the rind portion. The vascular bundles are smaller in size aiid are more 
T'? P/fPW than they are in Co 326. The rind structure in Go 356 i.s thus more 
compact, the hardness of the nnd having been attained by an “economic” distribution of li'milVino- 

TPrt-fl f ^ r ^ ^ cross-section through nnd portion of Co 313, showiim the exclusive 

fe ai?; inter-vascular parenchyma is poorly lignified. (C/. Fig. 1 and 
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Fig. 4 Fig. 5 

Fig. 4 : Part of cross-section through stalk of Co 326, showing the maintenance of considerable 
lignification in the parenchyma in the interior of the stalk beyond the rind portion. This maintenance 
of lignification in the interior obliterates the clear demarcation of the rind in Co 326. Fig. 5 : Part of 
cross-section through stalk of Co 356. The lignification of the parenchyma in the interior is comparative- 
ly less than that in Co 326. The relegation of lignified tissues to the extreme periphery to form a 
hard and well-marked rind in Co 356 leaves the parenchyma in the interior almost imlignified, causing 
thereby comparatively a low fibre content in the variety. (Microphotographs, magnif. 40 dia.) 
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degree and this fact makes it necessary to consider them separately though 
they are related to and are the manifestations of the same phenomenon — ^the 
lignification of the cell-walls in the rind. ' • • 

The thickness of the cell- wall (Table II) is calculated to a percentage of 
the total in all the varieties. Each of the figures is derived from thirty-six 
readings on the sheath-cells. 

Table II 


• Relation between the lignification of sheath-cdls of vascular bundles in the rind 

and the rind-hardness 


‘ Dry -leaf ’ joint 

Basal joint 

Variety 

Lignification 
in sheath-cells, 
in rind (per 
cent of total) 

! 

1 Rind- 
hardness 
in lbs. 

Variety 

Lignification . 
in sheath-cells 
in rind (per 
cent of total) 

Rind- 
hardness 
in lbs. 

Co 326 

20-8 

16*8 

Co 326 

23-1 

25-0 

Co 285 

18-3 

13-0 

Co 285 

19*1 

20-2 

Co 313 

18*1 

13-7 

Co 313 

16*1 

17*0 

Co 356 

15-6 

18*3 

Co 312 

14*4 

16-5 

Co 312 

15*1 

10-4 

Co^213 

13-7 

• ■ ■ 1 

18-3 

Co 213 

12*2 

11*7 

Co 356 

13-5 

24*4 


This table again shows a clear relationship between the two characters, 
though it includes two outstanding exceptions, Co 356 and Co 213. These two 
varieties appear harder in their rind than can be judged from the lignification 
of their vascular sheaths, and the reason is that in these two varieties, and 
particularly in Co 356, the number of vascular bundles is a predominating 
character and the varieties are more or less correspondingly weak in the ligni- 
fication of the vascular sheath. A close scrutiny of Tables I and II will bear 
out this fact and will further show that the higher a variety occurs in Table I, 
the more gravely does it depart from the expected estimate of its rind-hard- 
ness in Table II. Thus, Co 366 shows unusually high numbers of vascular 
bundles (Table I) and the lignification of the vascular sheath being in it weaker 
than would be normal for it, it appears as strongly exceptional in Table II. 
Co 213 is less so in this respect. 

3. Lignification of the inter-vascular parenchyma 

The lignification of the inter-vascular parenchymatous cells is not perhaps 
as striking a character of the stem anatomy of sugarcane as it is in many kinds 
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of gi^asses but it is a eliaracter of considerable importance in the development of 
hardness in the rind. The mechanical principles involved in the development 
of strength or hardness in a structural frame work of this kind are too well 
known to need a description. 

The percentage figures (Table III) are derived from averages for corres- 
ponding varieties, and each is based on thirty-six determinations. The 
comparative degree of lignification, as in other characters tabled above, is 
expressed as percentage of the total. As the character is developed to a 
tsignificant extent a considerable time after the development of the joint, it has 
been worked out and compared only in the basal Joint, where it finds its fullest 
expression. 


Table III 


Relation bekveen the lignification of the inter-vasctdar varenchymMous cells and 

the rind-hardness 


Variety 

1 Basal joint 



Lignification of the inter- 
vascular parenchyma 
(per cent of the total) 

Rind-hardness 
in lbs. 

Co 326 . . . . 

23-5 

25*0 

Co 285 

18-7 

20*2 

Co 356 

17*9 

24*4 

Co 312 . . . . . 

,14*5 

16*5 

Co2n . ... . . 

13*9 

18*3 

Co 313 . . . . 

1 

11*5 

17*0 


The order in which the rind-hardness figures appear in Table III is at 
first sight irregular, but here again a consideration of the two eharaeters 
already dealt with will show that the exceptions in the list go to prove the 
rule, for it is easy to see that tw^o important exceptions, Go 356 and Co 213, owe 
the high values of their hardness, as had been mentioned before, to the predo- 
minance in them of character I. Co 313 departs from the expected rind- 
hardness value to a slight extent as it is partial to the lignification of the 
vascular sheath, which is its predominating character (Table II and Plate I, 
fig. 3) and possibly also to some other subsidiary characters such as sub-epider- 
mal ceU-wall thickening, etc. Thus when the 'exceptions’ are properly 
accounted for, the general agreement between the character and the rind- 
hardness becomes evident in all cases. 
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IV. Discussion 

Before evolving the resultant effect of the three factors, it is necessary to 
understand their inter-relationship and to satisfy oneself of the independent 
operation of each. In a biological system involving the closest co-operation of 
tissues and functions, it would be unreasonable to expect a totally independent 
development of the different components contributing to a common ultimate 
end and, to some extent, the components will undoubtedly influence each other. 
But as it happens, the components are really more independent in their opera- 
tion than can be expected, and this fact has been clearly brought out in the 
three characters under which the varieties have been considered. Each of the 
tables in the previous section shows close general agreement between the 
intensity of the character and the rind-hardness, but a deeper significance comes 
to be attached to the ^ exceptions ’ which have been pointed out in each case ; 
for the turns which the varieties take in assuming the role of exceptions in 
the successive tables is in itself an indication and a natural consequence of the 
differential predominance of the characters operative in them. In other 
words, the varieties which come out as exceptions when their weaker character'^ 
is being considered, will naturally come out in the normal sequence when their 
predominating character is tabled out, and the fact that the same variety does 
not always stand out as an exception shows that different characters predomi-* 
nate in different varieties in contributing to the hardness of the rind. 

The relationships of the characters may now be considered. 

1. Number of vascular bundles , — Of the characters examined, this appears 
to be the most independent one and though it shows considerable variation 
within a variety, it is not subject to variations in the course of the ontogenic 
development; in this respect, it differs from developmental characters like 
lignification, etc. Indeed, although the present data is insufficient to venture 
an assertion on the point, it would not be unreasonable to class the density of 
aggregation of vascular bundles as a varietal character, if varieties sho w signi- 
ficant differences. 

The character, however, is really a part of a greater complex, namely, the 
actual quantity of the vascular strand dement in the body of the cane or its 
rind. Variation in this complex depends upon the variation in its three inde- 
pendent components — ^the number, the size and the degree of lignification of 
the vascular bundles. Of these, the first and the third are studied here as 
major characters, the second does not appear to have as great an effect on the 
rind-hardness as the other components, though its variations bear materialy 
upon the vascular density. In the ^ dry-leaf’ joint, its variation among the 
varieties is poor ; in basal joints, its effect is easily masked by lignifications, 

*By a ‘ weaker’ character is here meant the character which does not contribute 
mainly or largely to the hardness of the rind in that variety, and by a ‘ predominating ’ 
character is meant the character which does so, 
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and when varieties (Cos 312, 313, and 213 in Table IV, basal joint), where 
lignification does not predominate are considered the variation ascribable to 
the size of the bundle is found to be very poor, so that the character as a whole 
seems to be far less effective than the other two components. 

Table IV 


Relation between the size of the vascnlar bundle and the rind-hardness 


® Dry -leaf’ joint 

Basal joint 

Variety 

Average 
area of 
vascular 
bundles in 
1 sq. mm. 
of rind in 
cross- 
section in 
sq. mm. 

Average 
area of 
each 
vascular 
bundle in 
sq. mm. 

Rind- 
hardness 
ascribable 
to one 
vascular 
bundle 
per sq. 
mm. of 
rind in 
cross- 
section in 
lbs. 

Variety 

Average 
area of 
vascular 
bundles 
in 

1 sq. mm. 
of rind in 
cross- 
section 
in 

sq. mm. 

Average 
area of 
each 
vascular 
bundle in 
sq. mm. 

.Bind- 
hardness 
ascribable 
to one 
vascular 
bundle per 
sq. mm. of 
rind in 
cross- 
section in 
lbs* 

Co 326 

0*306 

0*069 

3*231 

Co 326* 

0*382 

0*090 

5*859 

Co 313 

0*317 

0*052 

2*233 

Co 312 

0*421 

: 0*080 

3*133 

Co 312 

0*308 

0*051 

1*714 

Co 285* 

0*432 

0*081 

3*789 

Co 285 

0*346 

0*048 

1*806 

Co 213 

0*382 

3*064 

3*050 

Co 213 

0*304 

0*047 

1*809 

Co 313 

0*355 

0*063 

, 3*000 

Co 356 

0*369 

0*042 

2*095 

Co 356* 

0*372 

■0*055 . 

i 

3*588 


“'^Varieties with highly ligoiRod tissues in the rind. 


2. Lignification of the vaseidar sheath and of the inter -vascular ’parenchyma .—- 
These two characters are related to one another in the sense that they are the 
manifestations of the same developmental phase. The relationship is also 
noticeable in the varieties, for, as a rule, the lignification in these proceeds 
proportionately, though not simultaneously, and varieties showing a high 
development of the one also show a corresponding development of the other. 
This, however, is true only as a general rule, for these very characters afford 
a striking illustration of the partiality shown by varieties (Table V) to any one 
of the two related characters or to any part of a general character, 
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Table V 


Relation between the lignification in the vascular sheath and in the inter ^vascular 

parenchyma 


Variety 

Lignification in 
vascular seath (per 
cent of total) 

Lignification of 
inter- vascular paren- 
chyma (per cent of 
total) 

Co 326 

. . 

, 

, 

23-1 

23*5 

Co 285 

. 

* 

• 

19-1 

18*9 

Co 313 


• 

• 

16*1 

11*5 

Co 312 . 


• 

• 

14*4 

14*5 , 

Co 213 

. 

• 


13*7 

13*9 

Co 366 


• 

• 

13*5 

17*9 


It will be noticed that while there is in general a relationship between the 
two characters, two varieties, Co 313 and Co 356 (compare figs, 3 and 2 in 
Plate I), show a strongly partial development, the former for the lignifioation 
of the vascular sheath and the latter for that of the inter-vascular parenchyma. 
This occasional partiality of certain varieties which can show a perceptible 
predominance to a part of a general character, makes it necessary to consider 
these two characters independently. 

3. Number of vascular btmdles and the lignijications of the inter-vascular 
parenchyma,-— These two by nature of their case, as well as by experimental 
evidence, have very little inter-relationship. The increase in the number of 
vascular bundles is generally associated with a reduction in the size of the 
bundle, so that the possibility of the parenchyma being unduly influenced is 
obviated. 

4, Combined e^ffect. — The characters have been examined in the light 
of the contribution of each individual character, but in combining them for 
their resultant effect, one is at a loss to ascribe any proportion for their res- 
pective representation. The inequalities due to the characters being expressed 
ill different units are eliminated by reducing the contributory values in each 
variety to a percentage of the total for all the varieties, thus establishing them 
on a basis of numerical equality in range. But any assumption on the specific 
contributory value of each character as a whole can only be based on a tJieore- 
tical reasoniiig as no experimental evidence can be obtained on it, and any 
judgment on the point will naturallj^ be arbitrary. 
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The first character, the number of vascular bundles per unit area in a 
cross-section is an independent character ; it is in a sense an expression of the 
quality of the rind as a whole, and not, as in other cases, a qual ity of particular 
parts of the rmd. In forming a combination with this character, therefore, 
the other two characters cannot be taken on an equal basis of representation, 
as they are applicable to only certain parts of the rind-structure. There are 
two ways in which the other characters may be represented. In the first, one 
may consider the lignification of the inter- vascular parenchyma as a universal 
development in all the tissues of the rind, and that of the vascular sheath as an 
additional and earlier development which is restricted to particular areas. 
Under this assumption, the average area of the vascular tissues being about 
two fifths of the total area of the rind in cross-section (Table VI), one may 
represent the character, viz., the lignification of the vascular sheath at 40 per 
cent of its value, and the other two characters at their full value. 

Table VI 


Average area occupied by vascular bundles in a cross-sectio7i of the rind of the basal 

joints 


Variety 

Average percentage area 
of vascular bundles in a 
cross-section of the rind 

Co 285 

43-2 

Co 312 ; . . . . .... 

42- 1 

Co 326 

38*3 

Co 213 . . . . ... 

38*2 

Co 356 . . . . . . ■ 

37*2 

Co 313 . . . . . . . . 

35*5 

Average percentage area in all varieties . 

3S*1 ■ 


In the alternative, one may consider these lignifieation-cliaracters as 
affecting different portions of the rind, and represent them in the proportion 
of the areas in which they are effective, 40 per cent in the case of one and 60 
per cent in the case of the other. The combined effect has accordingly been 
calculated on these two bases, and the percentage values (Table VIl) obtained 
from this are compared with the rind-hardness. 
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Table VII 


Retation between the combined effect of the anatomical characters and the hardness 

of the rind. 


Variety 

Combination of characters* 

Rind-hardness 

A+ +0 

. , 2B -f 30 
A-f g_ 

Actual 
in lbs. 

Percentage 
of total 

■ 

Co 326 . ... 

19*3 

18*4 

25-0 

20*6 

Co 356 . . 

18*5 

18*6 

24*4 

20*1 

Co 285 . . 

17-2 

16*9 

20-2 

16*6 

Co 213 . 

15*4 

15-7 1 

18-3 

15-1 

Co 313. .... 

14-6 

15*2 

17-0 

14*0 

Co 312 . 

15*0 

15*1 

1 

16-5 

13*6 


*A : The number of vascular bundles per unit area of the rind in cross-section. 

B : The degree of lignification of the cell-walls of the vascular sheath in the rind. 


C : The degree of lignification of the cell-walls of the inter-vascular parenchyma in 
the rind. 

All the figures in the 2nd, 3rd and 5th columns are expressed as percentages of 
the total of all the varieties. The rind has throughout been taken at a 
thiclmess of 1 nam. 

The agreement of either of the calculated combinations with the rind- 
hardness is very close in the above table and also in the graphical representa- 
tions (Figs. 1 and 2), indicating that the three major characters studied here 
account for by far the greatest part of the hardness of the rind in the six varie. 
ties taken up. It cannot of course be claimed that these are solely responsible 
for the hardness, for there ai’e many subsidiary characters apart from the 
environmental influences which, though not actually concerned in this function, 
may yet have some influence on the hardening of the rind, or the softening of 
it. In addition to these subsidiary characters, there may be other internal 
influences, such as the moisture-content of the cane, the extent of pith and 
cavity development in extreme cases, and possibly also the morphological 
characters such as the girth and the shape of the joint. But comparatively, 
their effect seems to be much less than that of the major anatomical characters. 
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5, Mnd<hamctensties in the varieties . — has been seen that varieties 
differ from each other in the differential predominance of characters in them 
and this fact has given some insight into the characteristics of the rind of the 
varieties. The study having been on small samples, it would not be possible to 
give a generalized account of these characteristics, but the outstanding features 
may be examined. 

A variety which does not show any outstandingly predominant character 
is Co 313, It does not even show a clearly marked rind, the vascular bundles 
being distributed somewhat uniformly. Lignification is poor in the parenchy- 
ma, but the vascular sheaths are well lignified (Plate I, fig. 3). The variety 
shows some resemblance to the softer types of cane. 

Co 312 resembles Co 313 in the absence of a sharply-marked rind. The 
lignification is fair and maintained well into the interior. 

Co 213 has a sharply marked rind, the size of the bundles is small, which 
seems to be a desirable character but the distribution is not as close as in 
Co 356. 

Co 285 is a lignifying cane, both the vascular bundles and the inter-vascular 
parenchyma lignifying to a high degree. This is reflected in the high value 
it shows in fibre determinations. 

Co 326 and Co 356 are perhaps the most interesting varieties of the series, 
presenting as they do diametrically opposed tendencies. Co 326 has few and 
large bundles, but its inter-vascidar parenchyma is strongly lignified, the ligni- 
fication extending so far into the interior as to obliterate the demarcation of 
the rind and to cause a high fibre-content (Plate I, fig. 4). Co 356, on the other 
hand, is characterised by an unusually large number of small bundles, well 
aggrega-ted towards the periphery and cemented together by a sufficiently 
high lignification of the parenchyma, thereby presenting a comparatively 
thin but well-marked rind (Plate I, figs. 2 & 5). It has developed 
the rind-features on what may be called economic lines, and this is 
well brought out by the fact that though it has a hard rind, its fibre value is 
comparatively low. Altogether, Go 356 is nearest to an ideal type of cane, as 
far as the characters in question are concerned, but the fact that it is an inter- 
generic hybrid between sorghum and sugarcane is not without a significance 
in this connection. 

V. Summary 

In an anatomical study on the hardness of the rind in sugarcane varieties, 
three factors — the number of vascular bundles per unit volume of the rind, the 
lignification of the cell- walls of the vascular sheaths and the lignification of the 
inter- vascular parenchyma— were found to contribute in the greatest measure 
to the hardness of the rind. The degree of development of these charactetE 
was found to differ among the varieties, one or the other of the characters 
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predominating in each of the yarieties in contributing to the hardness. ^ Their 
combined effect, calculated on reasonable proportions of representation for 
each of the characters, was found to agree closely with the resultant hardness, 
as determined by the rind-hardness machine. 

A few outstanding anatomical characteristics of the rind in different 
varieties are given, and the features of a desirable type of rind anatomy are 
demonstrated in one of the varieties. 
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Iktrodrctoby 

For the last ten years or so observations on the incidence of borers, 
termites and other pests of sugarcane have been taken at Pusa and some other 
entomological stations in India. As most of the workers have studied only the 
extent of the incidence of the pests, the impression prevails that this study 
gives a full idea of the amount of damage caused by them to the crop. A 
little consideration will make it clear that if a crop shows an incidence of stem 
borer of say 12 per cent, it does not necessarily mean that the crop would 
suifer an actual loss of 12 per cent in weight or sucrose content. Moreover, 
if a crop is infested by the stem-borer it may not suffer the same amount 
of loss as the one infested to the same extent by the top-borer, inasmuch as 
the two pests are quite distinct from each other in their biology and method 
of attack. Obviously the real criterion of the loss is the decrease in weight 
of the infested canes and the deterioration in the sucrose content of their juice. 
The published records * show that while some observations on the weight 
and sucrose content of canes infested by termites and borers (stem-, top- and 
root-borer considered together) have been taken on small number of canes 
at several places in India, hardly any critical study, based on statistical ana- 
lyses, of the actual loss caused by various pests in the weight and quality of 
juice of the infested cane has been made in this country. Recently Haldane 
[ 1937 ] has examined a large nmnber of canes from this point of view but his 
work also is not based on statistical analyses and furthermore he did not differ- 
entiate the vlffious borers from one another. We therefore do not yet know 
the extent of loss caused by different borers individually. The importance 
of such a study to entomologists as well as to students of agriculture need hardly 

* Annual Reports of the Impenal Entomologist for 1931 — 36, of the Director of 
Agriculture, Punjab for 1932 — 36, of the Director of Agriculture, XT. p., fpr 1935-36, 

■■ ( ) 


£J 


16 


.THE INDIAN JOURNAL OP AGRICULTURAL SCIENCE [IX, 1 


be emphasized. At Pusa in March 1935, a large amount of data, which could 
be examined statistically, were collected on the variety Co 331, in reference 
to the loss in weight caused by various pests individually and in combination 
with one another. The juice of a number of infested canes was analysed 
to determine the extent of deterioration caused by different pests. In March 
1936, five varieties of cane, viz., Cos 331, 313, 299, 231, 213, which had been 
grown in randomized blocks, were similarly examined. The results of studies 
made at the two harvests are summarized in the following pages. 

The foEowing are the most common species of pests met with : — 

Top-horer—iScirpopha^a mvella Pab. A few spechnens of /S'cifpop/iaya 
mo’nostigma Zell, were sometimes obtained. 

SteBi-borer — Diafram{—Argyna)sticticraspis Hnip., about 85 per cent; 
Diatraea venosata WIk., about 12 per cent; and Ghilo zonellns Swinh. and 
others about 3 per cent. 

PiiOot-borer — Enimalocera depressella Swinh. 

Termites — Odontotermes assnmfhi Holmgr. 

Material and methods 

The crop of Co 331 studied in March 1935 (harvest time) was about one 
acre in size and was growing in the Gonhri field of the Pusa Estate. The soil 
of the field was heavy^and clayey and the crop was good on the whole. A 
set of eight plots, each measuring 121 ft. x 6 ft. and having two row’s of canes, 
was selected at random. All canes in the selected plots w’ere upi’ooted, the 
pests infesting them, if any, were examined and the canes were sorted out 
on the basis of infection by different pests. The number of canes in each 
set and their weight were noted dowm. The detailed data are given in Appendix 
I. Again, in the Spring of 1936 similar observations W’ere taken on five 
varieties, which had been specially planted for the purpose. The soil in this 
field was clayey and fairly heavy. The field (2- 5 acres) was divided into eight 
blocks and each block was sub-divided into five plots, each measuring 80 fh. X 
24 ft., with a six feet passage aU roimd. Each plot contamed one particular 
variety and the planting was done m such a way that each block contained all 
the five varieties, labelled A, B, C, D, E (Fig. 1). Planting w’as done in all 
plots lengthwdse (east to west) in rows, three feet apart from one another. 
Thus there were eight rows of each variety in a plot and the various varieties 
were distributed at random in each block. At the time of harvest two rows, 
excluding the border rows, were selected at random from each plot and all 
the canes therein were uprooted and sorted out in accordance with the pests 
infesting them and their weight noted. As far as possible the eane.s wnre 
cut and topped at a uniform level. The detailed data are presented in Ap- 
pendix _II,A-E. The percentage number of canes attacked by different 
borers individually or in combinations, the percentage loss in weights of canes 
infested by various borers as compared with that of canes free from pests 
and the total loss sustained in the whole plot due to the attack of pests indivi- 
dually and considered together were worked out for each plot, and on the basis 
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of these figures tlie mean and the standard errors were calculated for different 
varieties separately. It may be noted that the total loss in the weight of 
cane in each plot due to pests was calculated on the assumption that all 
the canes in a plot would have the same weight as those which were free from 
the pest attack. The data for 1936 were analysed according to Fisher’s 
method of analysis of variance. In some replications certain combinations 
of pests were not met with. The loss of weight in such cases being indeter- 
miiiate, the standard errors were calculated without eliminating the block 
effects. The method adopted was the same as the analysis of variance which 
is used when dealing with samples of different sizes for examining the signi- 
ficance betw-een different means. 








Fie. 1. Lay-out of the experimental blocks m 1935-36 
Eestilts awd discussion 
A. Extent of incidence of various pests 
The percentages (means of eight replications) of attacked canes of different 
varieties per unit area by different pests individually and in combination with 
one another in 1936 and 1936 are given in Table i (column 2) and Table II 
respectively. In 1935, 22-47±0‘ 89 per cent of canes of Co 331 were en- 
tirely free from pests. Of the various borers, top-borer was found infesting 
the largest number of canes (20‘ 07±1‘ 14), root-borer came next (12' 39±0' 48), 
and stem-borer was found ui 7'90ib0’50 per cent canes only. The attacks 
of all the three borers were significant. Of the various combinations of borers, 
top- and root-borers were foundin the largest number of canes (28- 70±0' 89 
per cent). The number of canes attacked by termites alone or in combina- 
tion with different borers was very sm.all, therefore no reliable conclusions 
about the extent of mcidence of this pest could be drawn. 








THE INBIAH JOURNAL OF AGRICULTURAL SCIENCE 


Table I 


Percentage of infested canes of Co 331 and percentage loss in 

various pests at harvest m 1935 


Root^borer 


Attack signiiieaiit. In- 
crease in weight signi- 
ficant. 

Attack significant. Loss 
in weight signifi- 
cant. 

Attack significant. Loss 
not significant. 

Attack significant. 
Change in weight not 
significant. 

Attack significant. 
Loss in weight signi- 
ficant. 

Attack significant. Loss 
in weight significant. 

Attack significant. Loss 
'in weight significant. 


Top-borer 


Root- and stem -borers 


Root- and topLorers 


Stem- and top-borers 


Root-, s 
borers 


Termites and root-borer 


Termites and stem-borer 


Number of canes 
attacked by termites 
■ alone or by, teim.ites 
in combination 'With 
. other pests too sm,ali 
to lead, 'to any reli- 
able' conclusions. 


Termites and top-borer 


Termites, root- and stem- 
borers 

Termites, root- and top- 
borers 

Termites, stem- and top- 
borers 

Termites, root-, stem- 
and top-borers 


Percentage 

infestation 

Percentage loss i 
in weight 

2 

3 

1 

22‘47±0*89 

. . 

12-39±0-48 

— 23-63±2-54 

7-90±0-60 

-{-31*96±3*05 

20-07i:l-14 

5*38±3“20 

l-47±0-26 

—12 -90^:6 *66 

28-70±0-89 

13 *40^:2 *87 

2-29±0-37 

24-91±4*03 

3-63±0-42 

17 -20^:2 -48 , 

0-27i:0-08 

— 1-02±13*62 " 

0-15±0-06 

—13 *48^4 -43 

0-38rt:0-08 

36*51±4-05 

o-oi±o-oi 

— 4'44± , . 

0*20±0-13 

27’67±3*13 

0-07±0;05 

47'31±5-63 

•• 




Percentage of canes attached by different pests in 1936 
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In 1936 (Table II), Co 299 and Co 331 had the highest percentage (about 
40) of canes entirely free from pests, Co 313 and Co 210 had the lowest (18* 57 
and 22^37 per cent, and Co 213 had 31*42 per cent). The varietal differences 
in this respect were significant. The percentage infestation of top-borer 
was highest in almost all varieties (13—24 per cent), root-borer came next 
(10—17 per cent), and stem-borer infested the least number (6—14 per cent) 
of canes, except in the case of Co 213, in which it attacked more than the root- 
borer. In Co 313 the three borers were almost equally common. The 
attacks of the three borers, individually or in combination with one another, 
were significant in all the varieties excejpt of the combination top + stem + 
root borers in the case of Co 299 and Co 331, The varietal differences in the 
attacks of all borers, individually or in combination, were significant. 

Regarding the attack of termites alone or in combination with various 
borers, it was significant generally in the case of Co 210 only. In most cases 
the varietal differences were insignificant. In fact termites alone or in com- 
buiation were present in very few cases and therefore no reliable conclusions 
could be drawn about the extent of their incidence, as was the case in 1935. 

jB. Comparative loss in weight of cane due to the attach of various pests 

The percentages (means of eight replications) of loss in weight of canes of 
various varieties due to different pests in 1935 and 1936 are stated in Tables I 
(column 3) and III respectively. 

In 1935 when only Co 331 was examined, the loss caused by stem-borer 
was the heaviest (31*96^23*05 per cent), Lc., if a known number of healthy 
canes weighed 100 lbs., those infested by this borer weighed about 68 lbs. 
only. The loss due to top-borer was not significant. Regarding root-borer, 
it is noteworthy that the weight of canes infested by this borer was higher 
by 23* 63±1* 54 per cent as compared with that of canes entirely free from any 
pest. As wiU be described hereafter, there was also an increase in the sucrose 
content of the canes attacked by this borer. The losses due to the attack 
of the three borers in various combinations with one another were significant 
excej)t in the case of root+stem borer combination. 

In the case of termites, alone or in combination with various borers, the 
loss 'VFas insignificant throughout. 

In 1936 (Table III), the loss in weight due to top-borer separately or in 
combination with other borers was the heaviest and significant in all varieties 
except Co 299. In the varieties in which the loss was significant, it varied 
between about 16 and 27 per cent. The varietal differences were significant. 
The loss due to the attack of stem-borer was not significant in any variety, 
not even in Co 331, in which as stated above this borer caused the heaviest 
loss ill 1935 . The loss due to root-borer was significant in the case of Co 210 
and Co 313 only. This year, unlike that in 1935, neither the canes of Co 331 
nor of ally other varietj^^ infested by this borer weighed heavier than the healthy 
canes. The losses on account of the three borers in combination with one 
anotlier ivere significant in the case of all varieties except Co 299, but the 
varietal differences on the whole were not significant. 
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From tlie foregoing it will be evident that Co 299 suffered comparatively 
the least amount of loss in weight due to the attack of various borers separately 
or in combination with one another. 

Eegarding termites, when occurring alone they caused significant loss 
(30*45±12*59 percent) in the case of Co 299 only. In combination with 
root-borer they caused significant loss in Co 210, Co 299 and Co 331. When 
they occurred alone with stem-borer, Co 213 suffered significant loss (28* 24± 
8* 03). Co 210 and Co 213 suffered significant loss when attacked by termites 
in combination with root and top-borers and with root + top +stem borers. 
Co 299 also suffered significant loss from the latter combination. But as 
already stated, the number of canes infested by termites alone or in combina- 
tion with various borers was very small, therefore no reliable conclusion 
could be drawn about the loss in weight due to the presence of termites. 

In the above paragraphs the comparative percentage losses in weight 
caused by various pests %vhen occurring alone and in combination with one 
another have been described. But both from economic and entomological 
view-points it is also important to ascertain the amount of actual loss caused 
by various pests individually with known degrees of incidence. For this pur- 
pose it is appropriate that only those losses should be compared for which the 
various borers w^ere responsible when occurring singly, as it is very difficult 
to assess the amount of loss caused by different borers constituting a combina- 
tion. The percentages of actual loss in weight caused by different borers, 
when occurring alone, in various varieties during 1935 and 1936 are given in 
Table IV. In 1935, wdien only Co 331 was examined, stem-borer with an 
infestation of about 8 per cent caused a loss of 2*56 per cent, whereas top- 
borer with an infestation of over 20 per cent did not cause any significant 
loss. The weight of canes infested by root-borer was higher by 2* 87 per cent. 
This clearly indicates that the extent of incidence does not give any idea of 
the loss caused by the pests. 

In 1936 when top-borer again infested the largest number of canes of 
Co 331 as well as of all other varieties under investigation, the loss actually 
caused by this pest, unlike that m 1935, was heaviest in all varieties. Co 210 
suffered the most, having 4*45dz0*61 per .cent loss, Co 331 came next (3*04± 
0* 61 per cent), Co 213 showed a loss of 2* 49±0* 61 per cent, Co 313 had 2* 12± 
0*61 per cent, whereas Co 299 did not suffer any significant loss. 

The stem-borer which infested the least number of canes of all varieties 
did not cause significant loss to any variety. The behaviour of root-borer 
was also slightly different from the previous year. Whereas in 1935 the canes 
of Co 331 infested by this borer weighed more than the healthy canes, in 1936^ 
the canes of tliis as well as other varieties weighed less hut the loss was signi- 
ficant in Co 313 only, being 1*76±0*68 per cent. 
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Table IV 


Percentage of actual loss caused by different borers when occurring alone, in the 

years 1935 and 1936 


Year and variety 

Top-borer 

Stem-boi'er 

Koot-borer 

Remarks 

- 

1935, Co 331 

1*02±0'61 

2-56±0-33 

— 2-87±0-24 

Loss by stem , and 
gain by root sig-: 
nificant. 

1936, Co 210 

4-45±0-61 

0-43i0*47 

l‘10±0-68 

Loss by top alone 
significant. 

1936, Co 213 

2*49i0*61 

~-0*84±0*47 

0-59i:0-68 

Loss by top alone 
significant. 

1936, Co 299 

0-67i:0*61 

0-05±0-47 

1*33±0-C)8 

No loss. 

1936, Co 313 

2*124;0-61 

0*S7±0-47 

1 - 76^0* 68 

Loss by top and root 
significant. 

1936, Co 331 

3-04i0*61 

'■ 1 

: 1 

0*82^0-47 

0*19±0-68 

i 

i 

Loss by top alone 
significant. 


0. Total loss in weight due to all pests 

The total percentage loss in weight of various varieties due to all pests 
oomhined was calculated for each plot. The data are summarised in the 
following statement — 





Varieties 



Year 

Co 210 

Co 213 

Co 299 

Co 313 

Co 331 

Remarks 

1935 


• • 



5*77±1‘71 

Loss signifi- 
cant 

1936 

12*81±2-22 

9*10±2-22 

3-92±2-22 

ll-62±2-22 

7 -90^2*221 

Loss signifi- 
cant in , all 
varieties, .ex-,„ 
cept Co 299, 


From the above it will be observed that whereas in 1935 Co 331 suffered 
5-77±l-71 per cent loss, it suffered loss of 7-90±2-22 per cent in 1936. 
In both years the loss was significant. In the latter year, except Co 299 all 
other varieties examined suffered significant loss. In the order of loss .ws- 
tamedthey could be arranged thus : Co 210> Co 313> Co 213'> Co 331'> 
Co 299. ^ 
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D. Influence of various pests on the cane juice 

The chemical analyses of nine samples taken at random of the juice of 
Co 331 in 1935 and of forty samples of Co 331, Co 313, Co 299, Co 213 

and Co 210 in 1936 are given in Tables V and VI respectively. 

In 1935 the deterioration in the juice of Co 331 due to the attack of borer® 
was similar to the loss in its weight described above. The stem-borer proved 
most harmful, as the juice of the canes infested by this borer had 13-07 per 
cent sucrose content against 16-2 per cent of healthy canes. Those infested 
by top-borer had 15-5"o per cent, whereas those attacked by the root-borer 
had 17-37 per cent, a little over one per cent more than even the healthy canes. 
In the case of root-borer the purity of juice was also better, being 89-04 
per cent as against 86-77 of the healthy canes. The canes infested by the 

top and stem -borers in coinbination had the least siierose content (10 60 

percent). 

Table V 


Chemical analyses of juice of Co 331 in 1935 


No. 

of 

sample 

P ests I 

1 

1 

Brix 

correct- 

ed 

Percent- 1 
' age 1 

sucrose 1 

Percent- 

age 

glucose 

Percent- 

age 

purity 

1 

i 

Free from pests . . • ^ 

18*67 

16-20 

0*38 

86*77 

2 

Boot-borer . . • 

19*51 

1 

17*37 

0*27 

89*04 

3 

Stem -borer . * 

16*57 

13*07 

0*61 

78-89 

4 

Top-borer . . 

17*80 

15*50 

0*42 

86*69 

5 

Top- and root-borers . 

16*67 

14*02 

0*60 

,84*24 

6 

Top-, stem- and root-borers . 

15*94 

13*06 

0*67 

81*91 

7 

Termite and top -borer 

16*77 

13*35 

1*00 

79*78 , 

8 

Top- and stem -borers , 

14*00 

10*60 

0*83 

75*7'0' 

9 

Stem- and root-borers . 

17*21 

13*87 

0*80 

80*56 
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Table VI 


Chemical analyses of juice of Go 210, Co 213, Co 299, Co 313, Co 331 in 1936 


Fo. 

of 

sample 


Pests 

Brix 

correct- 

ed 

Percent- 

age 

sucrose 

Percent- 

age 

glucose 

Percent- 

age 

purity 

1 

Co 331 Free from pest , 

18*74 

15*52 

0*80 

82*81 

2' 


Boot- borer 

18*74 

15*57 

0*93 

83*07 

3 


Stem- borer 

16*73 

13*02 

1*17 

77*80 

4 


Top- borer 

16 '96 

13*56 

1*22 

79*97 

■ 5 

>> 

Root- and stem-borers 

15*93 

11*89 

1*41 

74*60 

6 

>5 

Boot- and top -borers 

12*78 

9*11 

1*19 

71*32 

7 

>> 

Stem- and top-borers 

13*42 

9*59 

1*45 

71*42 

8 

>> 

Boot-, stem- and top- 
borers 

13*29 

9*44 

1*39 

71*04 

9 

Co 213 Free from pest 

15*77 

12*23 

1*28 

77-68 

10 


Root-borer 

15*13 

11*53 

1*31 

76*21 

11 

>> 

Stem-borer . . 

13*88 

9*81 

1*54 

70*70 

12 

>> 

Top-borer 

13*68 

10*17 

1*21 

72*32' 

13 


Root- and stem-borers 

15*49 

11*77 

1*34 

75*91 

14 


Root- and top-borers 

11-77 

7*88 

1*59 

66*97 

15 


Stem- and top -borers 

12*34 

8*24 

1*59 

66-75 

16 

» 

Root-, stem- and top- 
borers 

11*11 

6*66 

1*64 

59*92 

17 

Co 313 Free from pest . 

21- 11 

18*05 

0*49 

85-51 

18 


Root-borer 

22*08 

19*00 

0*45 . 

86*05 

19 

» 

Stem-borer • . 

20*58 

17*42 

0*52 

85*03 

20 

>> 

Top-borer . . 

18*67 

15*62 

0*69 

83*66 

21 

99 

Root- and stem -borers 

19*75 

16*61 

0*69 

84*09 

22 

99 

Root- and top-borers 

19*85 

16*70 

0*57 

84*12 

23 

99 

Stem- and top-borers 

17*13 

13*31 

1*00 

77*70 

24 

99 

Root-, stem- and top- 
borers 

17*30 

13*71 

0*88 

79*42 

25 

Co 210 Free from pest 

18*14 

13*40 

1*64 

73*88 

26 

99 

Root-borer 

17*23 

12*30 

1*74 1 

71*55 

■ 27 

99 

Stem -borer . . 

17*60 

12*92 

1 1*64 

73*41 

28 

99 

Top-borer 

17*74 

12*91 

1*75 

72*79 

29 

99 

Root- and stem-borers 

17*68 

12*65 

1*86 

71*54 

30 

99 

Root- and top-borers 

16*33 

IMl 

■ 2*25 

'■ 68*02 

31 

99 

Stem- and top-borers 

16*92 

11*67 

2*00 

68*94 

32 

99 

Root-, stem- and top- 
borers 

15*17 

9*7 

■ 2*17 

; 63*06' 

33 

Co 299 

Free from pest 

20-78 

17*02 

0*99 

,81*89, 

34 

99 

Root-borer 

21*28 

17*61 

T08 

■■82*76' ' 

35 

99 

Stem-borer 

21*15 

16*83 

1*17 

79 * 58 

36 

99 

Top-borer 

20*55 

16' 55 

1*11 

80*55 

37 

99 : 

Root- and stem -borers 

: 20*45 

16*42 

1*06 

80*27 ■ 

38 

99 

Root- and top -borers 

19*05 1 

14*82 

1*39 

,..77*81 

39 

99 

Stem- and top -borers 

19*95 

15*99 

1*20 

80*17 ' 

40 

99 

Root-, stem- and top- 
borers 

16*50 

12*40 

1*56 

' 1 

75*26, 
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In 1936 tlie damage caused to the juice of Co 331 by the three borers was 
comparatively of the same order as in the previous year. Canes infested by 
stem, top and root-borers had 13‘02 per cent, 13' 56 per cent and 15* 57 
per cent sucrose content respectively, against 15*52 of the healthy ones. 
The stem-borer was most harmful, top-borer come next and the canes in- 
fested by root-borer had slightly higher sucrose content than even the healthy 
canes. It will, however, be noticed that the differences between the losses 
due to various borers were not so large as in 1935. Co 213 suffered due to 
stem and top-borers in the same way as Co 331, the canes infested by these 
borers having 9*81 per cent and 10* 17 per cent sucrose content against 12* 23 
per cent of the healthy canes. But no increase in sucrose content was noticed 
due to root-borer. 

In Co 313 and Co 299 top-borer caused more loss in sucrose than stent- 
borer, whereas in Co 210 the loss was more or less equal. The root-borer be- 
haved in the case of Co 313 and Co 299 in the same manner as it did in Co 331 
in 1935 and 1936. In the case of Co 210, as was the case in Co 213 described 
above, the root-borer decreased the sucrose content like other borers. 


Summary and conclusions 

A large amount of data on the incidence of various cane-borers and ter- 
mites and the loss in weight and sucrose content due to the various pests oc- 
curring alone or in combination with one another were collected at Pusa at the 
harvest time (March) of cane in 1935 and 1936. In the former year one variety 
(Co 331) only was examined, while in 1936 five varieties commonly grown in 
North Bihar (Co 331, Co 313, Co 299, Co 213 and Co 210), which had been 
planted in February 1935 in randomised blocks, were under investigation. 
The results of the observations are briefly summarized below 


A. Go 331 in im 

1. About 78 per cent of canes were found infested by one pest or another, 
22*47±0*89 per cent being healthy (entirely free from pests). Top-borer 
had infested the highest percentage (about 20 per cent), root-borer was next 
in abundance (about 12 per cent), and stem-borer was found in the least 
number of canes (about 8 per cent). The number of canes attacked by ter- 
mites w^as too small to lead to any reliable conclusions. 

2. Regarding comparative loss of weight due to various pests, if healthy 
canes weighed 100 lbs., those infested by stem- and top-borers weighed 
about 68 and 95 lbs. respectively. Thus stem-borer caused the heaviest loss 
(31* 96±3' 05 per cent) and the loss due to top-borer (5*38±3*20 per cent) 
was insignificant. The canes infested by root-borer weighed more than even 
the healthy canes by about 24 per cent. 
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S* Regarding the actual loss in weight caused by various borers when 
occurring alone, with the extent of infestation mentioned in paragraph 1 above, 
the stem-borer was responsible for 2*66±0*33 per cent and top-borer for 
1*02±9*61 per cent (not significant). The canes infested by root-borer 
showed an increase in weight by 2* 87^0* 24 per cent. 

4. The total loss in weight due to all pests combined was 5- 77 ±1* 71 
per cent (significant). 

5. The canes infested by various pests showed deterioration in the quality 
of juice in the same order as in the case of weight described above. The stem- 
borer proved most harmful, the juice of canes attacked bj^ this borer having 
13*07 per cent sucrose against 16*2 per cent of the healthy canes. The top- 
borer-infested canes had 15*50 per cent, whereas the root-borer category had 
17*37 per cent, about one per cent more than healthy canes. The purity of 
canes was also affected in the same order. 

B, Co 331, Go 313, Co 299, Go 213, Go 210, in 1936 

6. About 60 per cent of canes of Co 331 and Co 299, 70 per cent of Co 213, 
and 80 per cent of Co 313 and Co 210 were found infested by one pest or the 
other. The varietal differences were significant. As in the previous year in 
case of Co 331, top-borer was most common on all the varieties (about 
13-24 per cent), root-borer came next (about 10-17 per cent), and stem-borer 
was the least abundant (about 6-14 per cent). The attack of various borers 
and varietal differences in thfe respect were both significant in the case of all 
varieties. The attack of termites alone or in combination with various borers 
was significant generally in the case of Co 210 only. 

7. Whereas in 1935 the comparative loss in weight of Co 331 clue to stem- 
borer was the heaviest, in 1936 the canes infested by top-borer showed the 
lai’gest amount of loss in Co 331 as well as in all the other varieties examined, 
except Co 299, in which the loss was insignificant. The varietal difieronces 
were significant. The loss due to stem-borer was not significant in any 
variety. In Co 210 and Co 313 only loss due to root-borer was significant. 
In no variety (even Co 331) an increase in weight of cane infested by this borer 
was noticed, as was the case in Co 331 in 1935. 

8. As regards the actual loss caused by the borers when occurring alone, 
with the extent of infestation summarized in para. 6 above, top-borer caused 
the heaviest loss in all varieties, varying between 0*67 and 5*45 per cent. 

9. The total loss in weight due to all pests combined was significant 
in all varieties except Co 299, Co 210 suffered the most (12* 81 ±2* 22 per 
cent), Co 313 came next (11* 62±2* 22 per cent), followed by Co 213 (9* 10^:2* 22 
per cent), Co 331 (7* 90±2* 22 per cent). Co 299 suffered the least— 3* 92±2* 22 
per cent (not significant).' 

10. Though the highest loss in weight was observed to be due to top- 
borer in all varieties and the loss due to stem-borer was not significant in any 
variety (paras. 7 and 8 above), the highest decrease in sucrose content in the 
case of Co 331 and Co 213 was observed to be due to the latter borer. In 
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Co 313 and Co 299, however, top-borer caused more decrease in sucrose content 
and Co 210 suifered equally from the two borers. 

As in the ease of Co 331 in 1935, the juice of canes of Co 331, Co 313 and 
Co 299 infested by root-borer had higher sucrose content than even the healthy 
canes, though no increase in the weight of canes had been observed (paras, 
7 and 8 above). 

11. To summarize the results of two years, the top-borer was the common- 
est borer at Pusa on all the varieties, but the stem-borer seemed to be com- 
paratively more harmful, especially in decreasing the sucrose content of the 
infested canes. The behaviour of the root-borer was remarkable. In 1935, 
in spite of its fairly high infestation, the canes of Co 331 attacked by it weighed 
more and had comparatively higher sucrose content than even the healthy 
ones. In 1936 though the infestation was almost as high as in the previous 
year, there was neither increase nor loss in weight. The sucrose content and 
purity of certain varieties (Co 331, Co 313, Co 299), however, was this year 
also comparatively slightly higher than that of the healthy canes. 

It may therefore be concluded that the extent of infestation did not afford 
a reliable criterion of the actual loss caused by the pests. For instance in 1935, . 
whereas top-borer was the most common on Co 331, the heaviest actual loss, 
both in weight and sucrose content, was caused by stem-borer. Further, 
the actual loss caused by the same pest to various varieties was not in propor- 
tion to its degree of incidence. For example Co 210 and Co 299 were found 
almost equally infested by top-borer in 1936, but whereas the former variety 
suffered the heaviest loss in weight, there was practically no loss to Co 299. 
Again Co 331 having less infestation (13*92 per cent) than Co 213 (15’ 43 per 
cent) suffered more loss (3* 04 per cent) than the latter (2* 49 per cent). 

As regards the comparative behaviour of the five varieties examined in 
reference to all the pests considered together, Co 299 proved to be the best 
variety, as it had the lowest total infestation and suffered no significant loss 
at all. Co 210 proved to be the worst. The five varieties with regard to the 
actual total loss in weight sustained by them due to all pests combined 
could be arranged thus : Co 299<' Co 33r<Go 213<Co 313<Co 210, 
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Appendix II 

A. Variety Co 331 

Number and iveight {in pounds) of canes {eight replications) infested by various pests separately or in combination with 
' one another hi 1936 


f 




C. Vabiety Co 299 

Number and weight {in 'pounds) of ernes {eight replications) infested by various pests separately or in combination with 

one another in 1936 
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I. Iotboductiok 

In connection with the investigation on ' quality in rice ' financed by 
the Imperial Council of Agricultural Research, histological studies of the grain 
were undertaken at Coimbatore. Some results dealing with the formation 
of starch, and different colours of the pericarp in the developing grain have 
already been published [Rajasekhara Mudaliar, 1936 and Ramiah et al., 
1937 ]. The next step in the investigations was (1) to study the nature of 
the proteins occurring in the aleurone and endosperm cells of the developing 
grain by micro- chemical methods and (2) to study histologically the differences, 
hF any, in the thickness of the aleurone layer in some typical rices and to 
determine how; far the environmental conditions influence this layer. Since 
the aleurone layer is knowm to be the principal seat of rice proteins and since 
the nutritive value of rice is essentially related to its protein contents besides 
minerals, the differences in the thickness of the aleurone layer should give 
a comparative value of the rice quality . The present paper deals with results 
obtained in these two investigations. 

II. FOBMATION OF PEOTBINS 

The existence of aleurone layer in cereals and the large concentration of 
proteins in it have been recognised by several botanists [Hartig, 1855 ; Maschke, 
1859 ; Sachs, 1862 and Pfeffer, 1879] ; Schenk [1872] [quoted by O’Brein, 1895] 
found in wdieat that Milloii’s reagent did not affect the aleurone layer, and on 
this ground he concluded that aleurone was of low nutritive value. He, how- 
ever, found that the portion of the endosperm adhering to the aleurone w^as 
rich ill nutritive value. Groom [ 1893 ] found that aleurone grains in Grarn- 
ineae contained double phosphate of calcium and magnesium characteristic 
of globoids. O’Brein [ 1895 ], examining aleurone layers in wheat, stated 
(1) that there wvas continuity between the aleurone laj^er and the endosperm 
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by protoplasmic network; (2) that the cells adjacent to the aleurone layer 
were specially rich in protein matter (gluten) ; (3) that the aleurone layer 
came into close relationship with the embryo by the continuation of its cells 
over the external surface of the edge of the scutellum ; (4) that the protoplasm 
of the embryo was continuous with that of the adjoining aleurone cells and 
the underlying endosperm and (5) that much oil was present in the aleurone 
cells and perhaps some carbohydrate also. He suggested that the aleurone 
functioned as part of the store for the embryo and also helped in conducting 
food materials. 

To study the nature of the proteins occurring in the aleurone and the 
endosperm cells, micro-chemical studies were undertaken. Very little w^ork 
has been done hitherto on the micro-chemical study of the proteins in rice 
grain. Dastur [ 1935 ] has made a study of proteins in tlie rice grain, but 
the substance orthoquinone, one of the constituents recommended for his 
reagent, could not, however, be obtained anywhere. Considerable attention 
had therefore to be devoted first to determine the most satisfactory reagent 
to give the best stain reaction. 

Micro-chemical studies 

After testing several reagents, Millon’s and Adamkiewicz’s reagents were 
found to give best results, and these have been used in the present investiga- 
tion. With Millon’s reagent, proteins were stained red in ail parts of the 
grmn, but this reagent did not give a reaction with aleurone grains in materials 
tested seven days after fertilisation. Adamkiewicz’s reagent gave charac- 
teristic reddish violet colour to proteins in the aleurone layers in the same 
material. Hopkin’s and Cole’s modification of Adamkiewicz’s reagent and 
syrupy phosphoric acid also gave fairly good results but not quite so definite 
as Adamkiewicz’s. Takahashi [ 1913], working on proteins of rice, found 
that all four kinds of proteins occurring in rice — albumin, globulin, prolaniin 
and glutelin — gave positive reactions with Millon’s, Adamkiewicz’s and 
Biuret reagents. But as has already been observed in regard to histological 
sections the first two reagents only were found to be satisfactory. 

Though rice is supposed to contain a fairly large proportion of glutelin 
[Allen, 1930], which is insoluble in water and alcohol, the stain reaction 
could not be obtained in materials fixed in different fixatives and 
passed through all stages of dehydration, hardening, etc. Therefore fresh 
specimens only were used throughout, and free-hand sections were taken 
for observing the stain reactions. The exact position of spikelets on the 
panicle w^as first marked on a paper just when the ear-head had emerged 
from the sheath, and as the flower opened every day, the date of flowering 
was marked against each individual spikelet. The exact day of anthesis 
having thus been recorded for each spikelet, it was found easy to collect ovaries 
of particular age for free-hand sectioning and staining. Formation of protein 
was observed from the third day after anthesis right up to the maturity of 
the grain. Eipe grains had to be soaked several hours in water before taking 
sections. 
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Longitudinal section of rice ovule 3 days Fig. 2, 
old, showing the ovary wall and a portion 
of nucellus. Periphery of nucellus richer 
in proteins 

P — Pericarp ; (ovary wall) 

N — Nucellus 


Longitudinal section of rice grain 5 days 
old showing ovary wall and a portion of 
endosperm. Aleurone layers are not yet 
differentiated. Peripheral cells of the 
endosperm take deeper stain, suggesting 
more of proteins 
G — Epidermis of nucellus 
E — Endosperm 


Longitudinal section of rice grain 7 days Fig. 4. Longitudinal section of 
old Aleurone layers are clearly differenti- days old. Pericarp very 

ated and are not affected by Millon’s Aleurone layer, A, is v 

reagent but stained by Adamkiewicz’s Stain reaction same as for 

reagent. 

A — ^Aleurone ; 

E — Peripheral cells of endosperm which 
take deeper stain with IWllInn’ 

snmnent. 
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Observations 

The following observations were recorded — 

Third day after anthesis. — ^The cells of the ovary wall take a slight 
reddish colonr with Millon’s reagent. The conducting strands and the inner- 
most layer of cells of the ovary wall take a deeper stain suggesting larger 
amounts of proteins. The nueellus was also stained light red but the colour 
was more towards the periphery than towards the centre of the grain (Plate 
II, fig. 1). 

Fourth and fifth days after anthesis. — ^With rapid develophient of the 
endosperm tissue, the proteins in the ovary wall get gradually exhausted. 
The outermost layer of cells of the endosperm (aleurone) take a deeper stain 
than the remaining portion (Plate II, fig. 2). 

Sixth day after anthesis, — The aleurone is not clearly differentiated fi'oiu 
the endosperm tissue, but the outermost three or four layers take a dark 
red stain and the colour fades away gradually towards the centre. At this 
stage the ovary wall contains very little protein. 

Seventh day after anthesis, — On the seventh day and thereafter up to 
the maturity of the grain, the outermost layers of cells of the endosperm were 
not stained by Millon’s reagent while one or two layers adjacent to the aleurone 
showed an intense colour reaction to the stain. Adamkiewicz’s reagent, 
however, gave the characteristic reddish violet stain in the outermost layers 
which did not react to Millon’s reagent (Plate II, figs. 3 and 4). 

Discussion of results 

The action of Millon’s reagent on the aleurone of rice grains seven days 
after anthesis corresponds with the observations recorded by Schenk [ 1872 ] 
in wheat, but the action of Adamkiewicz’s reagent definitely proves the 
presence of proteins in the aleurone. It is possible that the occurrence of 
some other substance in the aleurone after this stage retards the action of 
Millon’s reagent. Lloyd [ 1926] states that the colour tests for proteins 
are not due to proteins as such but due to certain groups (amino-acids) com- 
monly occurring in them, that tryptophane is responsible for the colour 
reaction obtained with Adamkiewicz’s reagent, and that tyrosine brings 
about the colour changes due to Millon’s reagent. It is probable that the 
aleurone layer in materials tested seven days after fertilisation consists 
mostly of tryptophane, while the few layers of the endosperm adjoining the 
aleurone consists mainly of tyrosine. Lloyd [ 1926 ] states that tryptophane 
has some individual role to fulfil in metabolism over and above that of sup- 
plying a quota of nitrogen to the system. Aykroyd and Hopkins [ 1916] 
showed that removal of tryptophane from the diet of young growing rats 
was immediately followed by a rapid loss of weight, and its restoration pro- 
duced renewed growth. Tryptophane therefore appears to be an essential 
constituent of animal diet, and since the aleurone is rich in tryptophane it 
follows that this layer is the most important nutritive portion of rice. The 
seat of tyrosine in the rice grain may be the first one or two layers of cells 
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adjoining the alenrone layer. The evidences of the importance of tyrosine 
in the diet of animals are conflicting. In the case of rats, its presence was 
not found to be so very essential [ Totani, 1916 ]. 

The occurrence of large quantities of proteins in the peripheral layers 
of the endosperm confirms O’Brein’s [ 1895 ] observations in wheat and it 
is no doubt due to the protoplasmic network connecting the aleiiroiie with 
the endosperm. O’Brein’s findings about the protoplasmic coiiiiections 
between the embryo and the surrounding aleurone layer are also borne 
out in rice. It is observed in rice sections that portions of coleoptile, plumule, 
coleorhiza, and root tips which are adjacent to the aleurone layer take a 
deeper stain reaction with Adamkiewicz’s reagent than the interior portions. 
It is clear that the proteins are first concentrated in aleurone layers and later 
(seven days and more after fertilization) they pass on to the adjacent endos- 
perm cells and those parts of the embryo which are nearer to the aleurone 
layer. Similar observations have also been reported by Yamasaki [ 1933 ] 
in -wheat ; he states that there are one or two layers of starch cells of a 
special type adjoining the aleurone which have thicker cell walls and are rich 
in gluten content. Some preliminary observations of market samples of 
rices have revealed that in all samples examined, the aleurone layers have 
been removed completely, thereby indicating that tryptophane which is an 
important principle of diet is not obtainable in highly polished market rices. 
Even the less important constituent, tyrosine, is absent in several samples. 

III. Histological studies 

The only reference available regarding the histological study of the 
aleurone layer in rice grain is that of Iliffe [ 1929 ] who measured the thick- 
ness of the aleurone layer in some rice varieties at the Paddy Breeding Station, 
Coimbatore. ® 

Material and method 

To measure the tliickness of the aleurone layer in different types of 
rices and in rices grown under different manurial treatments, a special method 
had to be devised. A few varieties in each of the following groups w-ere 
studied. 

1. White rice varieties of different duration. 

2. White and coloured rices. 

3. Soft, hard, glutinous and wild rices. 

4. Eices from different manurial experiments. 

The method of taking specimens of required age and fixing, cutting, stain- 
ing, etc,, are explained by Rajasekhara Mudaliar [ 1936], This method is 
slightly different from the one adopted by Brenchley [ 1909] for cuttino- 
sections of wheat grain. In this method, ovaries of above fifteen days’ a^e 
were subjected to special treatment. After fixing in formalin-aeetic-aleohol 
he grains were treated with a mixture of one-third glycerine and two-thirds 
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rectified spirit for about a week and then passed on to paraffin infiltration 
through the medium of Bergamot oil. The .embedded material was cut 
and the cut surface w^as soaked in water for at least twelve hours before 
cutting the sections. Longitudinal sections, 10 to 12 p thick, were then cut 
and stained in picro-anilin-blue. This stain gave to the aleurone layers a 
rich blue colour, while the endosperm took a light green stain. The growth 
and development of the aleurone layer were studied at three different stages 
of growth, namely, seven, sixteen and thirty days after fertilisation. 

Some general observations on the formation and development of aleu* 
rone grains may also be recorded. The aleurone grains on the ventral side 
(the side along the embryo) are generally single layered, while those on the 
dorsal side (the side opposite to the embryo) are generally two to three cellpd. 
Even the individual cells of the aleurone are thicker on the dorsal side than 
on the ventral. The aleurone layers surrounding the embryo all round are 
very thin, even thinner than those on the ventral side, and they gradually 
increase in thickness towards the middle of the grain. This thickness is 
generally maintained up to the tip of the grain. The aleurone layers below 
the conducting strands, which traverse the grain on the dorsal side, are the 
thickest. Just seven days after anthesis, one or two peripheral layers of the 
endosperm get denser in cell contents, and take a deeper stain with picro- 
anilin-blue, and these cells ultimately differentiate as the aleurone layers. 
At this stage vaciiolation is faintly seen in the aleurone cells, and it becomes 
prominent wdth the ripening of the grain. The cell contents of the aleurone 
get denser till the sixteenth day, after which they begin to contract and 
recede towards a side waU, and at the ripening of the grain they appear con- 
tracted in most cases. Measurements of aleurone grains were taken from 
both the dorsal and the ventral side and each measurement consisted of six 
to ten readings. 

White rices of different duration. — Seven varieties w^ere examined under 
this group of which one w^as of short dura-tion, two of late duration and four 
of medium duration (Table I). The most striking difference noted between 
the short and long duration varieties is that even on the seventh day after 
anthesis, the aleurone is much better developed and differentiated in the 
short duration variety than in the long duration one. In the two varieties 
belonging to the latter group, Adt 11 and Co 4, the formation of the aleurone 
is not observed till the seventh day, whereas in varieties of medium duration, 
e.g., GEB 24, Co 1, Co 5 and Co 7 it did appear on that day. As regards 
the final stages of development there are no apparent differences among 
different groups. Variation in the aleurone thickness among these rices can 
be seen from Plate III, figs. 1 — 4. 

White and coloured rices. — During his preliminary studies on the histology 
of the rice grain, Iliffe [ 1929 ] has recorded that there are variations in 
thickness of the aleurone in differently coloured rices. The aleurone was 
slightly thicker in red rices than in white ones. A summary of results ob- 
tained by him And later published by Ramiah [ 1936 ] is given, below in a 
tabular form, . 
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41*8 

31*6 

Do. 

Co2 .... 

Do. 

47*8 

28*8 

Do. 

T 218 (Adt 4) 

Do. 

36*8 

21*3 

Do, 

T 217 (Adt 3) ... ■ , 

Do. 

36*0 

22*0 

Do. 

CoS . . . . 

Do. 

34*3 

22*0 

Do. 

Col, .. 

Medium iiiie 

42;3 

25*8 

Do..; 

T2 . . . 

Fine . 

42*6 

25*6 

Do. 

T 124 . 

Do. . 

47 * 1 

27*3 

Do. 

T 109 . 

Do. . . 

37*8 

24*8 . 

>0. 

GEB24 

Do. . . 

35*3 

■,;26*i 

.'.Do. ■ 


t 
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i>llOTElNS IN fHE illCE 

To confirm these observations farther, the thickness of aleuroiie 
measured at three different stages, in eight different varieties, of 'which three 
are the same as those mentioned in Table I. The description of these varieties 
and the measurements are given in Table II. It will be seen that besides 
colour, the varieties differ in size also, some being definitely coarser than 
others. 

It is generally observed that in coloured rices examined on the seventh 
day after anthesis, the aleurone can be seen on the dorsal side alone while 
on the ventral side it is not yet differentiated, the purple rice being an ex- 
ception. In the grey -brown rice, the aleurone on the ventral side is not 
distinguishable even on the sixteenth day. In this rice, the aleurone develop- 
ment is poor and even at the ripening time, the cell contents are not con- 
centrated and vacuolated like other varieties. 

Glutinous, hard, soft and wild rices , — ^In this group five varieties— two 
glutinous (black and white), one non-glutinous but hard and translucent, 
one non-glutinous but soft and opaque and a wild rice (0. officinalis ) — ^were 
examined (Table III). The glutinous varieties selected for the study show 
the greatest development of aleurone so far examined. The increase of 
aleurone thickness in them is more marked during seventh to sixteenth day. 

The results given in Tables I to III may be briefly examined. 
It may be stated at the outset that in order to get differences in thickness 
of the aleurone layer between different groups of rices, such as early or late, 
white or red, coarse or fine, and glutinous or non-glutinous, a much larger 
number of varieties should have been examined under each group independent- 
ly. It is only then that the data could lend themselves to a statistical 
analysis. As it is, the inferences drawn are only indicative. The results 
in Table I do not show any striking differences except that in an early variety, 
Co 10, the formation of aleurone is much earlier than in others. The small 
increase in aleurone thickness in the case of Co 7, Co 4 and Adt 11 might 
probably be due to their being comparatively coarser grained than others. 
From Table II, it will be seen that in red rices, T 111 and Co 9, the aleurone 
is thinner in the finer one (T 111) than in the coarser type, Co 9. 
This difference is, however, not quite so definite when two white rices, a fine 
and a coarse (GEB 24 and Co 4), are compared, but then it must be said that 
Co 4 is not quite so coarse in comparison with GEB 24 as Co 9 is with T 111. 
Among coloured rices differences do exist as are visible in Plate IV, figs, 1-4. 
Colour as such does not appear to influence the thickness of the aleurone 
layer but the indication that coarser rices, whether coloured or white, have 
thicker layers than finer rices appears to be more definite. Though previous 
workers [Kikkawa, 1919 and others] have recorded the existence of empty 
spaces or gaps in the structure of grains indicative of their softness, the soft 
rices examined have not revealed the presence of such empty spaces. Com- 
parison of a hard (T 167) and a soft (T 523) rice definitely shows that the 
aleurone is thicker in the former than in the latter (Table III). In regard 
to wild rice (T 573) the aleurone layer appears thin when compared to culti- 
vated rices (Plate IV, figs. 6 and 6). The micro-photographs clearly show 
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that the aleurone has not concentrated and receded from the cell wall even 
at ripening in many of the cultivated rices. As the pericarp colour is red, 
the colouring layer, spermoderm, is very conspicuous. 

Effect of environment on aleurone development, — (a) The most important 
environmental factor that may normally be expected to have the most pro- 
found effect on the plant is the manure applied to the soil in which the plant 
is grown. In a nianurial experiment conducted at four centres, ic., Coim- 
batore, Maruteru, Berhampur and Pattambi, the same variety of paddy, 
i.e,, GEB 24 -was planted, and its grains were examined for aleurone thick- 
ness. The following four identical treatments were given at all centres 

A. — ^No manure. 

B. — Aminonium sulphate to supply 30 lb. nitrogen per acre. 

C. — Sodium nitrate to supply 30 lb. nitrogen per acre. 

D. — Green leaf to supply 30 lb. nitrogen per acre. 

The measurements of aleurone thickness in grains thirty days after anthesis 
are recorded in Table IV. Measurements were taken only on the dorsal 
side. The results are definite and interesting. Taking A as control, the 
effect of treatment D in increasing the aleurone thickness is significant at all 
four centres. The effects of B and C have been variable in the different 
centres, but next to D, treatment C has got a significant effect at three centres, 
Maruteru, Pattambi and Berhamimr. The difference between C and D is 
significant at Maruteru and Coimbatore and there is no difference among 
treatments A, B and C at Coimbatore. 

The application of bulky organic manures, like green leaf, has contributed 
to the maximum thickness of the aleurone layer and next to green leaf comes 
the chemical fertiliser in the form of sodium nitrate. Taking aleurone thick- 
ness as an indication of grain quality, of the two chemical fertilisers, sodium 
nitrate and ammonium sulphate, the former contributes more to the quality 
of the produce while the latter to the quantity. 

Apart from the effects of the manure applied, something might be said 
of the effect of the place also on the development of the aleurone. The Maru- 
teru soils being clay are richest and ideal for paddy cultivation, while those 
of Pattambi poorest, being shallow laterite. The soils of Coimbatore and 
Berhampur are intermediate in character. Taking treatments A and D 
alone into consideration, the thickness of aleurone in A is lowest in Pattambi 
and highest in Maruteru and the increase in thickness due to treatment 
is significantly high in Maruteru compared to these treatments at other three 
centres. It must be stated, however, that the seed grown in three centres 
other than Coimbatore was not sent from Coimbatore during the year of the 
experiment but was the produce of a crop grown locally for some years with 
the seed originally obtained from Coimbatore. It may be suggested that the 
big^ difference shown at Maruteru might have been brought about by cumu- 
lative effect, since this station has been growing this variety for a number of 
years. 
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(b) Advantage was taken of another seed-bed manurial experiment in 
progress at Coimbatore to examine the produce for the thickness of the aleu- 
rone layer. The grain examined (Co 1) came from the two treatments 
mentioned below : — 

A. — ^No manure in both seed-bed and transplant field. 

B. — ^Heavily manured seed-bed (20,000 lb. green leaf-j-l cwt. each of 

ammonium sulphate and super phosphate per acre) and normally 
manured transplant field (4,000 lb. green leaf-j-1 cwt. of am- 
monium sulphate). 

The measurements of the grain are recorded in Table V. Unlike the pre* 
vious experiment, aleurone thickness was measured at three stages of develop- 
ment both on the dorsal and ventral sides. The difference between the 
treatments at the first two stages is not significant but it is highly significant 
at the last stage, particularly on the dorsal side. The better development 
of the aleurone in treatment B is evident from the sections of grains (Plate 
III, figs. 5 and 6). 

Discussion . — Iliffe [ 1929 ] suggested that coloured varieties generally 
have thicker aleurone layers. This has not been brought out definitely in 
the present investigation though there are some indications to that effect. 
The examination of a larger number of samples would settle the point. On 
the other hand, the fact that coarser varieties have thicker aleurone layers 
than finer ones, irrespective of colour is more definitely brought out. This 
agrees with the findings of the Bio-Chemist [Anonymous, 1937] in charge 
of the quality investigations in Bangalore, who as a result of chemical analysis 
and actual feeding trials with pigeons has stated that “ coloured and coarse 
grained varieties of rice contain larger amounts of proteins and mineral mat- 
ter than the finer ones This should mean that with the same amount of 
polishing the coloured and coarser rices will lose much less of nutrient matter 
than the finer ones. These findings support the general opinion prevalent . 
even now in rural parts that coloured and big rices are comparatively more 
nutritious and labouring classes often state that such rices are more sustain- 
ing than the so-called superior finer rices. That glutinous rice is also more, 
nutritious than the non-glutmous is confirmed by these investigations. 

McCarrison [ 1924], as a result of his investigations on the nutritive 
values of rices in South India, considered that these might vary with soil 
conditions. Again he found (quoted by Viswanath) that the nutritive value 
of ragi {Metisine coracana) varied with the manurial treatment of the soil. 
The present investigations of the effect of environmental conditions, such 
as the nature of soil and manuring, on the quahty of rice grains as shown by 
the aleurone thickness confirm McCarrison’s conclusions. 

In fact experimental evidence has been produced to confirm the popular 
opinion commonly expressed that the same variety of rice will vary in nutri- 
tive quality according to the place in which it is grown. Regarding the 
effect of organic and chemical fertilisers on the quahty of the crop, Viswanath 
et ah [ 1926] concluded {i) that a crop manured with organic manure (cattle 
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maniire) gave seed with a better cropping value than that from a crop manured 
with mineral manure or not manured at all; {ii) that mineral manure was 
better than no manure from the point of view of the quality of the seed. 
These observations were confirmed by McCarrison who simultaneously 
carried out nutrition experiments with animals, with the same materials used 
by Viswanath for his studies. The present investigations have shown that 
organic manure (green manure) has the greatest effect in increasing the thick- 
ness of aleurone, followed by mineral manures, of the type of sodium nitrate, 
over the no-manure treatment. Nothing can be said, however, of the better 
cropping value of the produce from the field manured with organic manure. 
The increase in thickness of the aleurone naturally improves the nutritive 
quality of the grain, but it does not follow that such an improvement should 
mean an improvement in the cropping quality. The present investigation 
is the first recorded instance of manuring or soil conditions having a direct 
effect on the structure of the grain which is indirectly related to its nutritive 
value, 

Sttmmaey op eesults 

{i) Millon’s and Adamkiewicz’s reagents were used to trace the formation 
of proteins and the latter was found to be more satisfactory. 

{ii) Small quantities of proteins are observed in the ovary wall up to the 
fifth or sixth day after anthesis and they get gradually exhausted after the 
development of the aleurone and starch cells. 

{Hi) The composition of proteins in the aleurone layer probably changes 
into some other form (seventh day after anthesis). It is quite likely that the 
aleurone after this stage consists mostly of tryptophane while proteins in 
other portions of the grain, are mainly composed of tyrosine. 

{iv) One or two layers of cells of the endosperm adjacent to the aleurone 
are rich in proteins. In the embryo, the concentration of proteins are more 
towards the portions adjacent to the aleurone layer. 

{v) The aleurone cells on the ventral side of the grain are generally single 
layered, while on the dorsal they are two to three celled ; these are thickest 
just below the conducting strands which traverse the grain on the dorsal 
side. 

{vi) There are indications to show that in an early variety the aleurone 
develops earlier than in the late varieties. 

{vii) There is a slight indication that coloured rices have thicker aleu- 
rone than the white rices, but the aleurone thickness seems to depend to a 
large extent on the coarseness of the grain. The aleurone development is 
at its maximum in the purple rice. 

{mi) Maximum development of aleurone has been observed in the 
glutinous rices, while the poorest development is recorded in a wild rice. 

{ix) Manorial experiments with green leaf and chemical fertilisers, like 
ammonium sulphate and sodium nitrate, conducted at four centres with the 
same varieties of rice, have shown that green leaf contributes to the greatest 
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development of the aleurone followed by sodium nitrate, while % thickness 
of the aleurone is poorest in no-manure plot. Initial soil-fertility differences 
also contribute to differences in aleurone thickness. 
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Aleurone thickness in white and coloured rices 
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Table IV 


I Almrone thickness of GEB 24 crop raised under different manurial treatments at 

! different places 


1 

’'J Place 

1 

i 

Manurial 

treat- 

ments 

Thickness of 
aleurone 
in microns 
(30 days 
old) (Mean 
of 6 
readings) 

Difference significant 
or not 

1 Coimbatore 

A 

17'1±0‘6 


■] 

B 

19-8±2*0 

Over A not significant 

t 

C 

17-4±0*3 

Ditto. 

i 

D 

24-5±l*3 

Over A significant 

1 Maruterii (West Godavari) 

1 ^ 

1 19-l±l-2 


■i 

' 

1 B ■ 




' C 

26-8±2-2 

Over A significant 


I) 

33-l±I-4 

Ditto. 

Pattambi (Malabar) . 

A 

14*6±1-1 



B 

12-8±0‘9 



0 

19-2±l-5 

Over A significant 

'4 . , 

D 

22*2±1‘1 

Ditto. 

Berhampur (Ganjam) 

A 

16*7±0-6 



B 

19*8±0*8 

Over A significant 


C 

26*4±0-8 

Ditto. 

, 

D 

25*4±0*1 

Ditto. 


Table V 

Aleurone thickness of Co 1 crop in the seed-bed manurial experiments 



Thickness of aleurone layer in microns (means of six readings) 


Treatments 

Seventh day | 

Sixteenth day 

^ Thirtieth day 



i 

! Dorsal side 

Ventral side 

Dorsal side 

Ventral side ! Dorsal side 

i i 

Ventral side 


A 

i 

9*6±0*7 

7*9±0-5 

27*0±3-0 

14*4^0*01 

i 

26-8±l-4 

i 

15-3±1:*2 

Difference high- 
ly significant 

B ' , 

1 

9*8:fc0*6 j 

6*7±0-5 

21-3±1*7 ; 

,13‘8±1*7 

43'1±1‘0 

l8-0±0-01 
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AN INVESTIGATION INTO THE ALGAL-ELORA OF 
PADDY FIELD SOILS OF THE UNITED 
PROVINCES, I* 

BY 

RAMA NAUINA SINGH, M.So. 

Research Scholar, Department of Botany, Benares Hindu University 
(Received for publication on 14th July 1938) 

Intboduction- 

Dtjbing recent years a good deal of work has been done on the algal- 
flora of the soil. Among the notable investigations reference may be made 
to the work of Bristol [1920] on the algae of English soils, of Boye-Petersen 
[1935] on the algae of the soils of East Greenland and Denmark, and of James 
[1935] on the algae of natural ocemring soils from Redlands woods, Holmwood, 
Surrey, Shoreham, and Kent. In our country, however, such a work has 
almost been neglected and the only attempt in this direction has been that of 
Singh [1933] and Banerji [1935], The former has worked on the algae of the 
naturally occurring soils of Lahore, while the latter has investigated the growth 
of the algae in the soils of an alluvial paddy field of Earidpur, Bengal. Work 
on the algae of uncultivated soils may not be of any economical value, but 
investigations of these lower plants from the soils of the Indian crops are 
hkely to be both interesting and important, especially in relation to problems 
concerning soil biology and agriculture. The writer, therefore, thought it 
desirable to start investigations on soil algae in this Laboratory. As a begin- 
ning the cultivated soils of paddy fields of the United Provinces were taken. 
The results obtained by the writer are altogether dilferent from those that 
have been recorded by Banerji, as will be clear from the remarks given at 
the end of this communication. 

Technique 

What matters greatly in the study of the soil algae is the device for taking 
up absolutely ‘ unmixed soil ’ from various depths. Consequently auger 
was used in this process and the sampling was done from four different districts 
of the United Provinces, i.e., Benares, Mirzapur, Gorakhpur and Basti. In all 
four samples were collected, one from each district. Care has been taken not 
to sample the soils from isolated paddy fields but from large tracts, covering 
at least an area of five thousand acres. The samples from Benares 
were collected on the 18th of October, 1936, near Sakaldiha Station on the 

* Contribution from the Department of Botany, Benares Hindu University. 
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Inteodbotiok 

Dubing recent years a good deal of work lias been done on the algal- 
flora of the soil. Among the notable investigations reference may be made 
to the work of Bristol [1920] on the algae of English soils, of Boye-Petersen 
[1935] on the algae of the soils of East Greenland and Denmark, and of James 
[1935] on the algae of natural occurring soils from Redlands woods, Holmwood, 
Surrey, Shoreham, and Kent. In our country, however, such a work has 
almost been neglected and the only attempt in this direction has been that of 
Singh [1933] and Banerji [1935]. The former has worked on the algae of the 
naturally occurring soils of Lahore, while the latter has investigated the growth 
of the algae in the soils of an alluvial paddy field of Faridpur, Bengal. Work 
on the algae of uncultivated soils may not be of any economical value, but 
investigations of these lower plants from the soils of the Indian crops are 
likely to be both interesting and important, especially in relation to problems 
concerning soil biology and agriculture. The writer, therefore, thought it 
desirable to start investigations on soil algae in this Laboratory. As a begin- 
ning the cultivated soils of paddy fields of the United Provinces were taken. 
The results obtained by the writer are altogether different from those that 
have been recorded by Banerji, as will be clear from the remarks given at 
the end of this communication. 

Techkiqub 

What matters greatly in the study of the soil algae is the device for taking 
Up absolutely ‘unmixed soil’ from various depths. Consequently auger 
was used in this process and the sampling was done from four different districts 
of the United Provinces, Lc., Benares, Mirzapur, Gorakhpur andBasti. In all 
four samples were collected, one from each district. Care has been taken not 
to sample the soils from isolated paddy fields but from large tracts, covering 
at least an area of five thousand acres. The samples from Benares 
w’^ere collected on the 18th of October, 1936, near Sakaldiha Station on the 


^ Contribution from the Department of Botany, Benares Hindu University. 
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B. I. Ry. Mirzapur samples were collected on the 9th of September, 1936,^ ! 

near Robertsganj, while those from Gorakhpur were obtained on the loth of ' 

September, 1936, near Ramgarh Tab The soil samples from Basti were * 

collected on the 30th of September, 1936, near Khalilabad. These samples 

were taken from five different depths in the following order surface, two 

inches, six inches, twelve inches, and as far as the roots of the paddy plant 

penetrate the soil, and none was collected from a wet field. The samples 

were kept in glass specimen tubes and they were left in the vasculuin till ^ 

further use. During the intervals the sois got completely dried up, and this 

eliminated all such algae as could not resist prolonged desiccation. 

Only one series of cultures of each sample were set, the culture medium 
being an aqueous mineral salt solution with the following composition Magne- 
sium sulphate, 0*2 gnn., potassium phosphate, 0* 2 grin., animonium nitrate, 

0*5 grm., calcium chloride. O'. 1* gnn. and a trace of ferrous sulphate dis- 
solved in 1,000 c.c, of distilled water. Milk-bottles were used for the cultures 
and the mouth of each bottle was plugged with cotton -wool. Eight empty 
bottles were heated at a time in an autoclave at a pressure of one and a lialf 
atmospheres for fifteen minutes. After twenty-four hours the bottles were I 

subjected to a second heating under the same pressure to ensure complete 
elimination of bacteria. One hundred and five such bottles were sterilised ' 

in this manner and in each one of them 150 c.c. of the culture solution was 
kept. The bottles were again heated in the autoclave twice in the manner 
described above. The sterilised solutions were then inoculated on the following 
day with different amounts of soils {i.e., 10 grms., 5 grms., 2*5 grins., 0* 15 ; 

grm.) from each of the above-mentioned depths by means of a sterilised spatula. j 

The mouths of all the bottles were then covered with brown paper tied tightly 
round the neck. The cultures for Mirzapur district -were started on the 25th 
of October, 1936, those for Gorakhpur district on the 30th of October, 1936, 
those for Basti district on the 5th of November, 1936, and those for Benares 
district on the 11th of November, 1936. For the convenience of coiiiparison I 

the cultures were named A, B, C and D respectively. 

For the study of diatoms the method employed by Bristol [1920] has 
been followed and this has proved to be very satisfiictory. The material was ^ 

placed in water on a glass-slide and broken up into very sjnall pieces w'ith a 
pair of needles. The water was allowed to evaporate slowly into tlie air, the 
slide being covered witli, glass lid to prevent the access of dust. After tw^enty- 
four hours’ drying the >slide was placed in a tube containing boiling strong 
nitric acid and heated to remove all organic matter. After careful washing in 
water it was transferred through 95 per cent and absolute alcohol to xylol. , 

The film of the diatoms still remaining attached to the slide was then mounted 
in Canada balsam. Owing to the minute size of most of these soil-diatoms 
the markings on the walls were extremely difficult to make out, hence later 
preparations were made using dammar lac as a mounting medium in order to 
secure a better definition of the walls. 
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Growth in culture 

The first sign of growth was observed after different intervals, not only 
in different soils but even in the same soil. At first a white scum which 
consisted of bacteria gradually appeared on the surface of the culture. This 
scum next assumed a green tinge, while many green patches began to grow 
on the surface of the soil below. These patches became large and in due 
course the whole culture medium assumed a light green colour owing to the 
formation of free-floating unicells and filaments. The greenish scum also 
thickened gradually, and the sides of the bottles also became covered with 
a green or dark green gelatinous membrane. In bottles in which diatoms 
developed the surface of the soil assumed a dull brown colour. 

Different genera and even different species of the same form were observed 
not to grow simultaneously in culture bottles containing the same type of 
soil. In the floating scum various uniceUs, such as, OMorococcum, GMorella, 
etc., appeared first and these were followed by Protosiphon and filaments of 
Oscillatoria. Phormidium and Nostoc came out next and grew in ahnost all 
the bottles. A week later Lyngbya, Phormidium, Eomoeothrix, and Cylindros- 
permtim made their appearance in succession. At the same time good 
many of the unicellular and filamentous green algae, e.g., Spirogyra, Oedogo- 
nium, and members of the Chaetophorales grew up. Diatoms appeared 
early and continued to grow to the last. Moss protonema began to grow 
very early in nearly all the bottles but disappeared after a very short time. 
A list of algae found grooving in the different bottles containing different 
samples of soil is given in Tables I-IV. 

Growth was luxuriant in those bottles that were left undisturbed for 
some time, while it was” very slow in such as were frequently handled for 
observations. Throughout November and December, 1936, there was prac- 
tically no growth in the cultures. There was a slight growth of algae in 
January, 1937, while in the beginning of February, the growth was plenti- 
ful, though in very few species. In the middle of March the cultures 
showed the climax of growth of the different forms, and it was also noted 
that the growth was quicker in those bottles that were exposed to direct 
light than those that were given indirect or diffused light. In April last, 
however, the bottles had to be placed in diffused light as the direct rays of 
the sun proved very hot and impeded the growth. In the end of this month 
the algae began to degenerate and within the first fortnight or so most of the 
species of the green algae, especially those of Spirogyra, disappeared altogether. 
The Ghlorococcales and species of Protosiphon staggered with the unfavourable 
conditions for a sufficiently long time, the latter ultimately forming cysts. 
The blue-green algae were the last to disappear. 

As a general observation it may be stated that the algae grew much more 
favourably in tho.se bottles whicli eontained the least amount of soil, i.e,., O' 15 
grin. 
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rnTT-Bi a-PT-nTTBq OBSEBVED aEOWTSTG IN THE 

ST3TMATI0 OTEEiTIOS OF 

Myxophyceae 

I. Ohxoocoooales 
Chioococcaceae 

Genus Ghroococcus Nageli 

• * o c'K'nifT' I Nao- Geitler, in Rabenliorst’s Kryptoga- 

1. 1930.32^ 234, Kg. 113 o. 

COD. ou. va«..4.e,.. long. cell. 

this form Jre fflomcnte of OecOMoria and 

II. Hormogoneales 
Rivulariaceae 

Genus fTcrnioeoil^ncc (Thuret) Kirchner 

2. Homoeofhrix juUana (Manegh.) Kirohner Geitler, 


op. eit., 1930-32, 


p. 576, Kg. 359. 

forma t&nuis form. nov. , o d 

Lat. fil., 9-9-12 (i ; lat. trich., 6- 6-7 g. ; long, cell., 3- 3- _ 

T6p flio-a was found growing in cultures of samples A, B and D fiom 
8-10 L de?th. It occurred along with Osdllatoria, and a large munber oi 
forms belonging to CUorococcales. 

The present alga differs from the type in possessing narrower trichomes 

and thicker sheath. c i -i 

It forms a fairly thick substratum on the surface of the sod. 

Genus Oloeotrichia Agardh 

3. eioedHAia iaicmcdio (Lenm.) Geitler von i— »a° 

The Mvxophyceae of the United Provinces, II , 

Sci., Vol III, No. 2, Sec. B, 1936, p. 168, Fig. 2, A-C. 

Forma ■ , . , o - 

Biam. strat., 1-12 mm. ; lat. trich., at base, 9-9-11 g higher up, S-o gj 
long, cell., at base, 3-3-8 g ; higher up, 4-9-9 ix ; lat. het., o ; =■ 

bet., 8-11-5 g ; lat. spor. cum vag., 13-15 p. ; lat. spoi., l2-lo j? , 
spor., 54-5-63 g ; crass, vag., 0-8-1 a. 
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This alga appeared in many of the cultures of all the four samples from 
2-8 in. depth together with Nostoc and Protosiphon, The growth consisted of 
pale yellowish green rounded masses on the surface of the soil 

The thicker sheath, at the base of the filament above the spore, in which 
the alga differs from the type is possibly due to the disintegration of the vege- 
tative cells there. 

Nostocaceae 

Genus Cylindrospermum Kuetzing 

4. Cylindrospermum muscicola Kiitz. Tremy. Les Myxophycees de 
Madagascar, ’’ Annales de Cryptogamie Exotique, t. iii. fasc. IV, 1930, p. 377, 
Fig. 313 ; Tilden, Minnesota Algae, Vol. I, 1910, pi. X, Fig. 6 ; Ghose, 

On some Myxophyceae from Rangoon ”, Jour, Burma Res. Soc., Vol. XV, 
Part III, 1926, pi. VII, Fig. 15. 

Forma 

Lat. cell., 3*3-4-6 jx ; long, cell., 4' 5-6* 6 ^ ;lat.het., 3*3-5 g ; long. hot. 
6* 6-7* 8 g, ; lat. spor., 9* 2-12* 6 g ; long, spor., 13* 2-20* 3 g. 

The alga appeared in many of the cultures of all the four samples from 
2-8 in. depth. It forms a dark brown patch on the surface of the soil. 

It differs from the type in possessing slightly narrower and longer hete- 
rocysts and in the longer cells. 

Genus Nostoc Vaucher 

5. Nostoc carneum forma mingr_ BMradw^ja Bh^radw^ja, The 
Myxophyceae of the United Provinces, India. — I, Proc. Ind, Acad, Sci,, 
Vol. II, No. 1, Sect. B, 1935, p. 102. 

Lat. trich., 3-4 u ; lat. het., 4*6-5*4 jx ; long, het., 4* 2-6* 4 ^ ; lat. spor. 
4-6*4^; long, spor., 5-9*9 a. 

The alga appeared in many of the cultures of all the samples from 2-6 in. 
depth . It forms a pale green mass on the surface of the soil. 

6. Nostoc ellipsosporum Rabenli. Geitler, op. cit,, 1930-32, p. 842, Fig. 

533. 

Lat. cell, 3-3*3 pt ; long, cell, 3*3-8 |jl ; lat. het., 4* 4-6* 6 a ; long, het., 
8* 2-9*9 a ; lat. spor., 6 * 6-8* 5 g ; long spor., 10-13* 2 a. 

The alga appeared in nearly most of the cultures of all the samples from 
8 in. depth. It forms spherical to formless, strong, spreading, olive-green to 
green plant mass on the surface of the soil, 

Oscillatoriaceae 
Genus Oscillatoria Vaucli. 

i: Oscillatoria ierebriformis Ag. Geitler, op. cit., 1930-32, p. 955, Fig. 
607, d, 

Lat. trich., 4* 5-6* 6 g ; long, cell., 1*7-4* 6 |jl. 


f H® fNMAN' TOW'RN-AL OF ■ ^ 


The -'atea was foiiad. grow sterile filameBts oi 'OedogomiLm 

im MF -of tte cialteres in aU fke samples from 2 in. depth. It forms a thm 
blue green covering over the surface of the soil. It differs from the type in 

possessing shorter cells. 

wiiMUs Bm Bao nit, 1036, p. 172, Wig, 3, A-D, 


Forma 

. Lat. trich.y 6*2-6‘6 a ; long.nel^^^^^ 

The form possesses :slightly broader triohoines. It differs from the type 
in having only ronnded apical cells. 

The alga was found in cultures of all tlie four sainples from 11-14 in. 
depth. It mostly grew at the bottom of the culture solutioH interniingled 
with filaments of Phormidhm luridwn (Kiitz) Goin., and other species of 
Oscillatoria, 

9." OsciUatoria pfoboscida Gom, Geitler, op, cit,, 1930-32, p. 943, Fig. 598, b. 


Lat. trich., 13*2-14 |i ; long, cell, 3 ‘3-4 u. 

The alga appeared in several of the oultures of all the .samples from 11-14 
in. depth together with Phormidmm hirid/mn .(Kiitz.) Goni. and OscUhiorm 
variabilis Rao. 

10. Oscillatoria quadripmictulata yb^t, unigrannlata Singh Singh, The 
Myxophyceae of the United Provinces, India. IV — Proc, Ind. AcMd. Sci,j 
1939, Vol. 9, No. 1, Pig. I, F, 

Lat. trick, 1-1*7 a; long, cell., 7-8*3 tr. 

The alga appeared in many of the cultures of ail the samples from 11-14 
in. depth together with other species of Oscillatoria and Pliormidimn, 

The alga differs from the type in the possession of longer cells and siiigie 
granule on either side of the septum. 


■Genus Phormidmm Kttz. 

11. Phormidium Eetzii (Ag.) Gora. Geitler, 029. cit., 1930-32, p. 1012, 
Pig. 647, a-d. 

Lat. fih, 12-13*2 pi ; lat. trich., 8-9*9 p ; long, cell., 4‘9-9*9 |i. 

The alga was found growing in all the samples and in several of the cultures 
from 2-6 in. depth. It forms a dark bluish green thin layer over the surface 
of the soil. 

The alga differs from the type in possessing indistinct tapering end-cells 
without any membrane. 

12. Phormidiuml%iridumiJLi\iz,)Qom, Geitler, op, cit,, 1930-32, p. 1010, 
Pig. 645, a. 

Lat. trich., 1 * 5-3 tx ; long, cell, 1 * 5-4* 2 p . 
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The alg^ was found growing in many of the cultures of aQ the samples 
from tl- 14 in. depth together with Ghroococcus minutus (Kiitz.) Nag. and 
filaments of Oscillatoria. It forms a blue green layer on the surface of the soil. 

The alga differs from the type in the dimensions and in possessing straight 
tapering end-ceUs. 

Genus Jjyngbya C. Agardh 

13. Lyngbya Kmwcfo'ca Lemm. Geitler, op. cit., 1930-32, p; 1045, Fig. 
661, a-b. 

Lat. fil., 2-3*3 ji ; lat. trick., 1*5-1* 7 u, ; long, cell., 1*99-2*49 g,. 

The alga was found growing in many of the cultm'es of A, 0 and D samples 
from 12-14 in. depth. If forms a purple thin layer on the surface of the soil. 

The alga differs from the type in having longer cells and in the end-cells 
being slightly tapering. 

Genus Microcoleus Desmazierea 

14. Microcoleus cMhonoplastes Thuret. Geitler, op. cit., 1930-32, p. 1134, 
Fig. 739 ; Bharadwaja, “ The Myxophyceae of the United Provmces, India. — 
I, ” Froc. Ind. Acad-. Sci., Vol. II, No. 1, Sec. B, 1935, p. 98, Fig. 2, b and c. 

Lat. cell., 3*4-4 [ji ; lat. vag., up to 20 [r. 

This alga appeared together with filaments of Oscillatoria in nearly most 
of the cultures from 6 in. depth. It forms a beautiful bluish green stratum on 
the surface of the soil. 

Chlorophyceae 

Volvocales 

Chlamydomonadineae 
Chlamydomonadaceae 
Genus Ghlamydomonas Ehrenberg 

1. Glilarnydorrionas intermedia Chodat Pa^cher, in Pascher’s Siisswas- 
ser flora DeutscMands, Osterreichs und Der Schweiz., Heft 4, 1927, p. 202, Fig. 
141, a-r. 

Lat. cell., 12-16 ji, ; long, cell., 18-25 jr. 

The alga appeared in many of the cultures of all the samples from 2-6 
in. depth. 

ChloroGOccales 
Ohlorococcaceae 
Genus Ghlorochytrium Cohn. 

2. CMofochytrmm 2Jaradoxum (Klehs) G.S. West James, “ An investiga- 
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tioii of the algal growth in some naturally occurring soils’’ Beiheften zum 
Botamschen CentralblaU, Bd. LIII, Abt. A, Heft 3, 1935, p. 527, Fig. 3, A-E. 

Diam. smaller cells., 9*9-13*2 g; diam. larger cells., 23*3-30 g ; lat. 
spor., 3*3-4*9 u ; long, spor., 6*6-8 g. 

The alga was found growing in nearly alf the cultures of all the samples 
from 2-6 in. depth in association with Glilorella vulgaris Beyerinck and Clilo- 
rococcum infusionumi (Schrank) Meneghini. It forms a green papery Bub- 
stratum upon the surface of the culture solution. 

Genus Characium A. Braun 

3. Gharacmm nasulum Rabenhorst Lemmermann, Brunnthaler imd Pas- 
cher in Pascher’s Susswasserflora DeutscMands, Osterreichs und Der ScJiweiz, 
1915, Heft 5, p. 79, Fig. 15. 

Lat. cell., 18-20 g ; long, cell., 40-70 g. 

The alga w^as found growing as an epiphyte on Oedogonium filaments in 
many of the cultures of all the samples from 2 in. depth. Sometimes it forms 
a cluster. It differs from the type in possessing smaller cells. 

4. Characium acuminatum A. Braun Lemmermann, Brunnthaler und 
Pascher, op. 1915, Pleft 5, p. 79, F%^ 

Lat. cell, 10-15 g ; long, cell., 20-35 g. 

The alga was found growing in many of the cultures of all the samples 
from 2-6 in. depth in association with Ghlorococcum infusionum (Schrank) 
Meneghini. and CMorella vulgaris Beyerinck, 

Genus CMorococc'mn Fries. 

5. Ghlorococcum infusionum (Schrank) Meneghini. Lemmermann, Brunn- 
thaler und Pasclier, op. cit,, 1915, Heft. 5, p. 63, Fig. 2. 

Diam. cell, 15-40 g ; lat. spor., 2-3 g ; long, spor., 5-6 p. 

The alga appeared in nearly all the cultures of all the samples from 2-6 
in. depth. It forms a fairly thick green layer upon the surface of the culture 
solution. It is found in association with GMorochytrium paradoxum (Kiebs) 
G. S. West and Ghlorella vulgaris Beyerinck. 

Chlorellaeeae 

Genus Ghlorella Beyerinck 

Ghlorella vulgaris Beyerinck Lemmermann, Brunnthaler und Pas- 
cher, op. cit., 1915, Heft 5, p. 112, Pig. 71. 
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Diam. cell., 6-6-9 fx (12 (x). 

S'* “f"- of »H 'ho 

solution together with CUmochytrmm ^leSf g t * W 

Chlorococmm tnfusionum (Sehrank) Meneghini. Gr. 8. West and 

Genus Trochiseia Kutz. 

Mg. 3;!!^*““'' (EeiMch.)H»p,g. James, .5,. eft, 193s, p. 59,, 

Diam. ceU., 12-18 (up to 28) 

association with Chlorococmm an/chloreUa. ^ ^ Palmelloid colony in 

cella. In of 1^““?“ f ‘he cUameter of the 

OOM. But, it dilets 

(ii) The sculpfured-wall comists of a network ofiegnjar ridges 
The paJmeltod state and the autospores have been noticed. 

Hydrodictyaceae 
Genus Pediastrum Meyen. 

Colon, of 12-18 cells., diam. colon., 45-50 g. 
the of 

Chaetophorales 
Trentepohliaceae 
Gongrosireae 
Genus Qongrosira Kiitz. 

9. Qongrosira terricola Bristol Bristol “ On fhp AUa m 
Desiccated English Soils, ” Ann. Bot., No. CXXXIV, 192^ 

Lat. cell., 7-lo .,• , long, cell., 10-18 a ; diam. zoogonidang., 15-18 
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The alga appeared in many of the cnltures of all the samples &om 18-14 
in dentil ^It forms a thin papery incrustation on the surface of the culture 
soiutiJn together with Protosiphm- botnjoides (Kiitzing) Klebs forma paneti- 
cbla Iyengar. . 

It agrees with the type in forming an expanded stratum, the creeping 
filaments of which are closely interwoven to 
disc of distended ceUs, in short and tapermg upright 

apices and irregular branching, in possessing a band-shaped chloioplast with one 
to two pyrenoids and in sub-spherical basal or rarely intercalary zoogomdangia. 

10. Gongroska drcimata (Bom) Schmidle ^ Heering in Paseher’s 
swasserfiora Dentschlands, Osterreiclis und Der bcJmeiz, 1914, Hett 6, p. ll^S, 
Fig. 161, a <fc b. 

Diana, cell. j 9v9“12 tjt. 

The alga appeared together with Gongroska terricola Bristol and Proto- 
siphon botryoides (Kiitzing) Klebs forma parieticola Iyengar in many of 
the cultures of all the samples of soil from 12-14 in. depth. The brano^g 

filaments of this alga appeared to oome out from the pseiido-parenehyma oii»s 
discs of Qongrosira terricola Bristol. 


Genus Pleurastrum Ohodat 

11, Pleurastrum constipatumPTmiz Printz, “ Subaerial Algae from South 
Africa, Nor she Videushabers Selskabs Skrifter, 1920, Nr. I, PL III, Pig* 

124-156. 


Diam. cell., 7-8' 9 {*. 

The alga was found growing together with Goiigroska terricola Bristol 
and Protosiphon botryoides forma parieticola Iyengar in many of the cultures of 
all the samples from 12 in. depth. It forms a green to yellowish green muci- 
laginous stratum on the surface of the culture solution. 

12. Pleurastrum insigne Chod. Heering, op. cit., 1914, Heft 6, p. 112, 
Fig. 166, a, b & c. 

Lat. cell., 5-8 g, ; long. ceU., 7-10 u. 

The alga was found growing together with Ohlorella vulgaris Beyerinck 
and Chlorococcum infusionum (Schrank) Meneghiiii in many of the cultures of 
all the samples from 2 in. depth. It forms a mucilaginous green papery layer 
on the surface of the culture solution, 
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Oedogoniales 
Genus Oedogcmium Link 

13. Oedogonium intermedium Wittrock Him, MonograpMe md Icono- 
graphe der Oedogoniaoeen, 1900, p. 94, PL V, Fig. 31 ; Tiffany, The Oedoqoniace- 
ae, Ohio, 1930, p, 72, PL XIV., Fig. 134, 

Forma 

Lat. ceU., 14* 2-16* 5 long. ceU., 30-37 ; crass, oog., 26*4-30 a ’ 

long, oog., 30-34 jx ; crass, oosp., 26*4-27 a ; long, oosp., 26*4-27 a ; lat- 
anth., 13*2-14*5 a; long, anth., 6*6-13 p.* 

The alga was found growing with filaments of Spirogyra in many of the 
cultures of all the samples from 2-6 in. depth. It differs from the type in 
smaller dimensions. 

14. Oedogonium hirnii Gutwinsld Him, op. cit., 1900, p. 93 PI V, Fig 
29 ; Tiffany, op. cit, 1930, p. 73, PL XIV, Figs. 136 and 137. 

Forma 

Lat. ceU., 9*9-13*2 ^x ; long, cell., 33*3-56 a ; crass, oog., 33-34 [x ; long* 
oog., 33*3-40 (1 ; crass, oosp., 26*4-28 g. ; long, oosp ; 26*4-28 a ,* crass, anth.? 
9*9-10*5 long, anth., 3*3-4*2 fx. 

The alga was found growing in many of the cultures from 2-6 in. depth* 
The form differs from the type in smaller oospores and antheridia. 

Conjugales 
Euconjugateae 
Zygnemaceae 
Genus Spirogyra Link 

15. 8pirogyra sp. 

Lat. cell., 45-50 fx ; long, cell., 225-230 p. 

The alga was found growing together with and other spp. of 

Spirogyra in nearly all the cultures of all the samples of soil from 2 in. depth. 

The vegetative cells are 5-6 times as long as broad ; end-walls are repli- 
cate and chloroplasts are four in number. 

The zygospores were not formed, hence the sp. could not be determined. 

16. Spirogyra 

Lat. cell. 22*5-25 p ; long, cell., 210-225 a. 

The alga was found growing together with other spp. of Spirogyra in many 
of the cultures of all the samples from 2 in. depth. 

The vegetative cells are 5-6 times as long as broad ; end- walls are repli- 
cate and the chloroplast is single. 

The zygospores were not formed, hence the species could not be deter- 
mined. - 
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Siphonales 
Protosipiionaceae 
Genus Protosiphon Klebs 

17. Protosiphon botryoides (Kiitz.) Klebs forma parieticola Iyengar 
Iyengar, “ On an Indian form of Protosiphon botryoides Edebs, “ Archiv fur 
Protistenhunde, Band 79, Heft 2, 1933, Big- 1, A-Z. 

Lat. vesicL, 40-60 [a ; long, vesicl., 80-100 ,a ; lat. rbizoid., 10-36 p, ; 

long, rhizoid., 90-160 p ; diam. cyst., 20-30 ;jr. 

The alga was found growing in all the cultures of all the samples from 
12-14 in. depth. It forms a papery gelatinous green scum on the surface 
of the culture solution. 

The alga differs from the type in possessing shorter and somewhat broader 
rhizoidal portion and in the absolute absence of lamellation in the walls. 

Bacillariophyceae 
Pennales 
Araphidineae 
Pragilariaceae 
TabeUarioideae 
Fragdarioideae 
Genus Synedra Ehrenberg 

1. Synedra ulna var. amphirhynchus (Ehr.) Grim. Hustedt, “ Die Kie- 
selagen, Lieferung i, and 2 in L. Rabenhorst’s Kryptogamen-Flora Deutschlands, 
Osterreich u. d. Schweiz, B. VII, Leipzig, 1931-32, p. 197, Fig. 691 A, e. 

Lat. frust., 6' 6-9' 9 p ; long, frust., 118-200 p ; striae, 10-12 in 10 p. 

2. Synedra ulna var. spathulata Grun. Hustedt, op. cit., 1932, p. 197, 
Fig. 691 A, h. 

Lat. frust., 13'2-16’6 p ; long, frust., 230-244 u ; striae, 9-10 in 10 p. 

Biraphidineae 
Naviculaceae 
Naviculoideae 
Genus Anomoeoneis Pfitzer 

3. Anomoeoneis sphaerophora (Kiitz.) Printz. West and Fritseh, “ The 
British Freshwater Algae,” Cambridge, 1927, p. 372, Fig. 166, c. 

Lat. frust., 8-9*9 p ; long, frust., 30-35 p. 
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Germs Navicula Bory 

4, Navicula radiosa var. acuta Grun. Majeed, The Freshwater Algae of 
the Pimjab/’ Part I, 1935, PL II, Fig. 19. 

Lat. frust., 6‘ 6-7 jx ; long frust., 35-36* 3 pi ; striae, 10-12 in 10 pt. 

Genus Pmmtom Ehrenberg 

5, Pmnularia inferrupta Smith Smith, 'LA Synopsis of the British 
Diatomaceae,” Vols. I and II, London, 1853, p. 59, PL XIX, Fig. 184. 

Lat. frust., 4*9‘5*3 pi ; long, frust., 29*7-30*5 ; striae, 10 in 10 pi. 

The alga differs from the type in possessing smaller dimensions. 

Q, Pinmilaria major Smith Smith, op. cit., 1853, p. 54, PL XVIII, 
Fig. 162. 

Forma 

Lat. frust., 9*9-10* 5 pi ; long, frust., 59-65 pi ; striae, 12-13 in 10 pi. 

The form differs from the type in smaller dimensions. 

7. Pinnularia subcapitata Greg, var, paucistriata, James, op. Heft 3, 
1935, p. 545, Fig, 12, G-i). 

Lat. frust., 4* 5-5 u ; long, frust,, 32-34 pi ; striae, 9-10 in 10 |i. 

Gomphocymbelloideae 
Genus Amphora Ehrenberg 

8. Amphora'ovalis var. gracilis V. H. Majeed, op. cit,, 1935, PL IV, Fig. 7, 
Lat. frust., 10-12 pt ; long, frust., 16*5-20 ^ ; striae. 10-14 in 10 pi. 

Genus Agardh 

9. Gymhella Ehrenbergii Kxitz. Smith, op. cit., 1853, p. 17, PL II, Fig. 21. 
Lat. frust., 19* 5-20 pi ; long, frust., 85-90 p ; striae, 6-7 in 10 pi. 

10. Cymbella ventricosa Kiitz. Majeed, op. cit,, 1935, PL III, Figs. 11, 12 
and 13. 

Lat. frust., 6*5-7 pi ; long, frust., 23-25 pi ; striae, 10-12 in 10 p, 

Epithemiaceae 

Rhopalodioideae 

Genus JSfeopaMm 0. Muller 

IL Phopalodia gibba (Ehr.) 0. Mull. West and Fritsch, 02 :>. ciL, 1927, p. 
381, Fig. 163, A. - 
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Nitzschiaceae 

Mtzschioideae 
Genus NitzscMa Hassall 

12. NitzscMa palea (Kiitz.) W. Smith Majeed, op, cit,, 1935, PL VI, 
Figs. 2 & 3. 

Lat. frust., 3’3-4 (j, ; long, frust., 29’7“30 (i,. 

Concluding REMARKS 

In comparing the algal growth in these cultures with that obtained 
by Banerji [1935], a marked degree of dissimilarity is apparent. 

In the first place, Banerji has not made any mention of the depth from 
which he sampled his soils. It seems from his statements that the soils were 
taken from the surface and in one case he has actually made cultures of mud. 
The value of the study of these algae with regard to their economy in soil and 
agriculture lies in the depth of the soil to which they grow— a point which has 
altogether been ignored by Banerji. The investigations of the writer 
[1939] on the Myxophyceae of U. P. and also those of Rao [1937] have con- 
clusively shown that spp. of Oaloihrix, Nostoc, Phormidium and Oscillatoria 
are the commonest amongst the blue-greens found on the surface of the soil 
and in muddy waters. It is, therefore, natural that Banerji found Galothrix 
Braimii, Nostoc sp., Phormidium corium and P. valderianum in his soil 
cultures. 

Secondly, Banerji has completely overlooked the conditions of the soil 
from which lie set his cultures. He has taken into consideration the wet 
soils. The idea of such investigations is to bring out those algae which can 
resist prolonged desiccation and so can live normally under the surface of the 
soil for long periods. This fact is constantly emphasized by other workers 
on soil algae, especially by Bristol [1920], who left her soil samples for four 
to twenty-six weeks for drying before actually setting the cultures. 

Thirdly, a symbiotic relationship between the algae and bacteria of the 
soil, a fact, which had long been stated by Kossowitsch [1894] and to w'hieJi 
Banerji has referred to, is very much doubted at the present time. Fritsch 
[1936] is of opinion that '' the algae in relation to nitrogen fixation beneath 
the illuminated zone of the soil must depend,, in large measure, on their being 
in a condition of active growth and multiplication, and of that he believes no 
adequate proof has so far been preseiited 'L He has also remarked that '' a 
study of the surface community, therefore, should include not only the forms 
visible at the surface, ^ but also those encountered at cleptlis to hvliieh light is 
found to i)enetrate. It is not improbable that a micfostratificatioii of the 
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STOface-lmng soH algae may be found to obtain, depending upon their imme 
diate light requirements and upon their relative degree of fusceptibilitv to 
No data are at present available concerning the depth to which 
ght can penetrate beneath the surface of a compact soil, but it is doubt- 
ful whether there is anything but darkness below the top few centimeters ” 

Banerji reports that his cultures are especially rich in blue-s^een 
algae. He mentions the complete absence of diatoms and records onlv one 
member of the greem algae, i.e., Pleurococcus Naegelii* The writer durino- his 

investigations, has observedgoodmanyoftheMyLphyceae groSn^ Sul 

represented by different forms from those mentio^d by Banerl eTeeutinlZ^ 
^.p, Phorm^d^um luridum. Again, the universal and wideslad oluieTce 
of diatoms has been noticed, as also of the large number of the Chlorophyceae. 

SXJMMABY 

The investigation by means of water cultm-es of four samples of soil 
from paddy fields of widely separated localities of the United ProvSces hi 

Srner 

important algae in this formation are CMoreUa vulgaris TrocU 

The total number of species and varieHes found in these soils is fortv-three 
out of which are fourteen Mynophyceae. seventeen ChlorophyfeS 
Baciilanophyceae. The soil samples had all been subjected to desiccation 
for four to five weeks before they were placed in the cultures 

+ much pleasure in expressing my great iiidebtefinpoa 

to Professor Y Bhiiadwija for his hind guiiLce and ori?Sm”wtft 
the course of this investigation. - rougnout 
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IxitroductiOB 

In connaction with, a scheme of Locust Research, which has been in 
progress since 1931 under the auspices of the Imperial Council of Agricultural 
Research in India, intensive surveys of various desert areas of Sind, Baluchis- 
tan, Rajputana and South-West Punjab are being carried out periodically by 
a special staff, with the object of studying the seasonal distribution and activi- 
ties of the solitary phase of the Desert Locust {Schistocerca gregaria Eorsk.) 
in North-West India. In the course of these surveys, the survey staff have 
in addition to the Desert Locust been meeting with solitary phase individuals 
of two other locusts, Locusta migraloria ph. soUtaria (Migratory Locust), 
and Patanga succincta (Bombay Locust). No particular significance was, 
however, attached to this circumstance during the earlier years of the work, 
as it was generalty thought that their presence, as indeed in the case of indivi- 
duals of even the Desert Locust, was merely of an incidental character, presum- 
ably indicating the occurrence of local breeding and multiplication as a result 
of the development of favourable ecological conditions. 

During the year 1935, however, fairly conclusive evidence was obtained 
■" as to the capacity of the solitary phase individuals of the Desert Locust to 
migrate long distances at different seasons of the year, whereby they generally 
succeeded in reaching suitable breeding places in a different rain-belt [Rao, 
1936 and 1937]. Thus, soUtaria individuals that had bred in spring in Balu- 
chistan, or perhaps even in Iran, were, during that year, noticed appearing 
suddenly in the Sind-Rajputana areas in Jiine-July, while the generation 
produced in the Indian Desert areas during summer and autumn of that year 
was observed gradually leaving these regions and migrating into Mekran 
during autumn and winter months. In the Sind-Rajputana regions, which 
is subject to summer rainfall, the Desert Locust population was found to be at 
its minimum during the dry months of the year, viz., January to May ; while, 
in the regions of winter rainfall, especially in the hinterland of Baluchistan, the 
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minimum was reached during July to September. Detailed observations, 
continued during the years following, mz., 1936 and 1937 , have served to 
confirm the deductions made as to the existence of normal seasonal migration 

from one rain-belt to another in the Indo-Iranian areas, among the solitary 

phase individuals of /ScMstocerca grregraria. 

The analogy of the deductions referred to above suggested the idea that 
the occasional records of captures of stray specimens of the Migratory Locust 
and the Bombay Locust might perhaps be attributable to the occurrence of a 
somewhat similar migration of the solitaria individuals from one part of the 
country to another. All the data recorded during the past few years m 
regard to the occurrence of these two species of locusts in their solitaria phase 
in the regions under regular observation, were, therefore, collected together, 
analysed and correlated with meteorological and other data. It is the aim of 
this note to set forth the inferences made as a result of these studies. 


Available data for the Bombay Locust, Patanga succincta L 

All the information available has been classified in Table I (Appendix) ^ 
from a study of which it would be seen that the data on hand are com- 
paratively scanty. It is, however, rather significant that all the specimens 
had been collected either from the Sind-Rajputana Desert areas or from the 
Cutch-Kathiawar region, and that none had been found in the Baluchistan 
region with the single exception of an individual captured in March last (1938) 
at'Dadhar at the entrance of the Bolan Valley— presumably the extreme limit 
of its distribution towards the west. Most of the specimens were, moreover, 
collected either in autumn, winter or early spring, and none had been noticed 
during the months of the summer monsoon (with the exception of one found at 
Nokh on the 4th June 1935). Hoppers have not as yet been detected any- 
where in these areas. 

Stray specimens of solitary phase individuals of Patanga have been 
observed in the past at Coimbatore, Nilgiris and a few’- other localities in South 
India, and the senior author found a few specimens of the solitary phase of the 
Bombay Locust collected in the past at Pusa and elsewhere among the locust 
collections of the Imperial Entomologist at New Delhi. It is, therefore, evident 
that the area of distribution of this species in India is fairly wide. Outside 
Indian limits, it is known to occur in Ceylon, China, Sumatra, Java and Borneo 
[Kirby, 1914], and according to Uvarov [1928] it is distributed all over Sou- 
thern and South-eastern Asia, and the Malay Archipelago. 

According to Lefroy [1906], the locust has only one brood in the year, 
which occiu’s during the monsoon season, i.e., between June and September. 
The swarms breed in open, grass areas in the midst of the forest regions of the 
Western Ghats, and eggs are preferably laid in soft, clay soils. The adults of 
the new generation are said to migrate into forests in autumn, remain inactive 
there during the cold months, and go through a second period of migratory 
activity in the spring months of March, April and May, flying back to the forests 
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for breeding by the beginning of the monsoon. It is rather noteworthy that 
the times of incidence of the solitaria forms in the desert areas correspond 
more or less with the periods of migration noted above, in the case of the 
gregaria msbims. In the absence, however, of fuller information in regard to 
its distribution in other parts of India, and in view, moreover, of a complete 
lack of knowledge of the breeding grounds of its solitary phase, it is not possible 
to appraise the proper significance of the data detailed above. 

Data for the Migratory Locust 

All available data on Lom8t<^ have been presented in Table II (Appendix), 
classified according to the years and seasons of incidence and the regions 
of occurrence. Information for the earlier j^ears, viz., 1931 to 1935 is quite 
fragmentary, and much of it has been gathered from notes recorded on the 
labels of specimens collected during this period. For the years 1936 to 1938, 
however, fuller information has been available, mainly owing to the observa- 
tions made by the junior author during this period. 

A study of the classified data in Table II would show that, in general 
specimens of the Migratory Locust are found to be common in the Sind- 
Rajputana areas only during the monsoon months, while in the Baluchistan 
region, they are more often met with in the spring season. It is also apparent 
that breeding occurs generally after receipt of good rainfall, and that few 
specimens are met with in seasons of drought. 

(a) Period from 1931 to 1935 

Year 1931 

No data are available for the Sind-Rajputana region. In the Baluchistan 
areas, spring rainfall was fairly satisfactory, and Dr. M. Sharif found a few 
adults in April at Pasni and Ormara, and observed in May, a few hoppers as 
weU as adults at Panjgur. In Juty, several adults w^ere collected at Sharigli— 
a locality subject to monsoon rainfall— and in August, a specimen was noted at 
Dasht Thana near Kolpur (Quetta-Bolan area), and another at Jhatpat on the 
Sind borders. 

Year 1932 

In April, a few adults were collected at Quetta and one at Pasni ; and in 
September, a few hoppers and adults wem observed in Kolw^ah (Mekran) in 
the wake of fairly heavy falls in July. In November an adult w^as collected at 
Khairpur in the Bahawalpore State ; and near Sodakhor in the Jaisalmer 
Desert, the senior author observed a few adults along with nineteen specimens 
of the Desert Locust, in the course of the survey of an open, grassy area at the 
end of November. The individuals of the Desert Locust w^ere apparently 
representative of a summer generation bred in north-east Rajputaiia, which 
were presumably in the course of their migration towards the west— remarks 
that might equally apply to the individuals. 
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Year 1933 


A few adults were observed at Akil in west Sind in February, and were 
probily overwStered individuals. In April, a few _ adult specimens were 
found at Pasni There were fairly heavy spring rams m Mekran m February- 
W 1933 ^d sice good numbers of Loo^isU adults were observed in the 
in My. it is preanmed that bteeding had tahen p ace m 
this region in late spring. As there was good rainfall also during July-Augus 
in the Mekran hinterland in 1933, considerable breeding of Aocwsto had^ pre- 
sumably taken place in the valleys of the interior as corroWted 
circumstance that good numbers of adults were collected in Kolwah, Kech, 
Fanjgur and Kalmat during August, September, October and Novembm 
A few adults were found in July-August in Kachhi and Lasbela also. In the 
immer rainfall areas of Sind and Rajputana, a fair number of adults were 
found in May (Akil), in June (Fort Abbas), and in July (in the areas of west 
SMd and Bikaner). At the beginning of July 1933, the junior author noted 
several Locusta adults at Shah Hassan in the Manchar Lake region of &ncl uoai 
the borders of Baluchistan. He was also told that a small swarm of locust, 
had been seen in this region, and though there was no confirmation of this 
report, it is not improbable that the species concerned might have occn 
Locusta migratoria ph. soUtaria, flying about in small groups.^ Locusta adults 
were noted in good numbers between August and December _m, various places 
in the Sind-Rajputana area, such as, Bahawalpur, Bhatmda, r-iar mea, 
Jaisalmer area, west Sind and Khairpur, and Dera Ghazi Klmn and Dma 
Ismail Khan Districts. As the monsoon was heavy and continuous, there 
were doubtless two consecutive generations of Locusta during the period, 
between July and November in the desert areas. 

Year 1934 

Drought prevailed in Mekran in spring and no adults were observed in 
Mekran and Upper Baluchistan between January and June except for a single 
adult collected in May at Panjgur. In the eastern areas, one specimen was 
found in April at Mirzapur in west Sind, and in May, a few we.re loiind in tiie 
Cutch State, and in the Bikaner and Bahawalpur areas. In Mekran, one 
specimen was collected at Pasni in July. In the Indian Desert areas, the 
monsoon set in rather early in the latter half of June and continued till the 
first fortnight of September, but was, on the whole, rather light. In the 
Thar area of Sind, adults were observed in several places in July, and hopi>ers 
were found at Chaehro and Rahimki Bazar in August in fields of bajn {Pennise- 
tum tyvhoideum). In July both hoppers and adults were sent in from the 
Ludhiana-Patiala area of Punjab by a correspondent. A few adults were 
coll6cted 8ilso from Sikar (Jaipur State) and Saro (Thar) in S6pteinbe.r and in 
October from Dirasar (Bikaner State). An adult was collected at Hingol 
(Lasbela State) in November 1934. 

Year 1985 

In February and March, 1935, a thorough search was made at Chaehro 
and Rahimki Bazar respectively for specimens of hibernating locusts among 
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bushes and under field fences, in localities where breeding had been observed in 
1934, but neither Locmta nor ScMstocerca was found at these places, though 
certain large grasshoppers were found hiding under the fences. This would 
probably indicate that the individuals of Locusta of the new generation produc- 
ed in. July-August 1934 had, as in the ease of ScMstocerca, left the area by the 
autumn of that year. A single adult collected in March 1935, at Sardarshahr 
in the Bikaner area in the northern Desert is, however, found in the collections. 
In spite of heavy winter rainfall in the Mekran, the only records, in regard to 
the Baluchistan area, are of an adult found in May 1936 at Mand in the Keoh 
TaUey, and another collected at Liari in Lasbela State in June 1935. During 
the summer season, there is only one record of an adult found at Nokh in J uly 
for the Rajputana area. The paucity of Locusta individuals in both the Balu- 
chistan and Rajputana areas in a year, in which the ScMstocerca population had 
increased enormously all over these regions, is rather remarkable. It may, 
however, be noted that the monsoon did not extend into Mekran, Lasbela and 
Sind in the summer of 1935, nor was the rainfall in the Desert areas consider- 
able except in July. 

{b) Pebiod eeom 1936 to 1938 

The extensive observations made by the jimior author have served to 
furnish considerable information in regard to the developments of the Migra- 
tory Locust during this period. 

Year 1936 

There are no records of observations on either adults or hoppers of Locusta 
during the first six months of 1936, in the Baluchistan or the desert areas, ex- 
cept for one specimen noted on the 29th June 1936 at Udasar in Bikaner. 

In July 1936, however, adults varying in number from one to one hundi’ed 
were found in jowari (sorghum) fields at Bhag, Gandhawa, etc., in the Kachhi 
area and at Johi in the west Sind area, indicating that breeding had occurred 
along the Baluchistan-Sind borders during the spring months of 1936_ as 
a result of favourable rainfall. During August and September 1936, fairly 
o-ood numbers of Locusta were noted during surveys along with individuals of 
ScMstocerca in the Thar-Mallani, and Bikaner- Jaisalmer areas. By the 24th 
of September, however, very few adults of either ScMstocerca or Locusta were 
noticeable in the Thar-Mallani area, where owing to the development of adverse 
climatic conditions brought about by the prevalent drought, almost the whole 
bulk of the new generation of S^istocerca, produced during July-August, 
would seem to have deserted the area. Neither Schistocerca nor Locusta 
was seen in this area till June- July 1937. 

In the northern areas of the Indian Desert, on the other hand, there was 
very heavy rainfall (about 16 inches in the course of about ten days) in Aupst 
1936, and this led to a considerable and rather protracted breeding of the 
Desert Locust, which consequently went through a second monsoon generation 
in this area between September and November. The adults of the second 
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generation would appear to have overwintered in this area, migrating there- 
from, apparently westwards, only by Fehruary-March, 1937 No direct 
obse^atiLs in regard to the breeding of Locusta at this part of the year are on 
record but since as many as twenty-two mdmduals o£ Locusta jere found in 
this area along with specimens of Schistocerca durmg October, November and 
December 1936,' it is not unlikely that Locusta had also to a certain extent 

, bred and overwintered in this area. 

Tear 1937-38 

The areas of infestation in 1937-38 have been marked in the map. In the 
Indian desert areas, there are only three records of captures between January 
and Mav, 1937 : one found near Nokh in February, a second near Lathi (east 

Jaisalmer) in April, and a third at Nokh at the end of May. 

1 Swing breeding.— Jn the Baluchistan area, no observations had been 
made during the months of January to April 1937, and it was more or less by 
accident that the junior author visited the Kachhi area auring May, when he 
found both Schistocerca and Locusta breeding in fair numbers m this area. 
During June 1937, he found fairly good numbers of Locusta adults at bibi, 
Dadhar and Mashkhaf. At Kirtha in the Bolan Valley, he found quite an 
intensive breeding of Locusta in June, among cultivated fields oi gowan 
and water-melons, and among grasses in the vicinity. The density of popula- 
tion was estimated at over one million per sqiiare mile, and he could actually 
count seventy-seven adults and twenty-eight hoppers within a sinali 

portion 180 square yards in extent— of one of the fields. (It may be men- 

tioned in this connection, that when the same area was re-visited in Angnst 

1937, a few adults only were found.) 

A report accompanied by specimens received from the Tahsildar of Kohlu 
(a division of Sibi District in Baluchistan) indicated that hoppers and adults of 
Locusta migratoria as w'ell as of certain grasshoppers (mainly OedaZews), had 
been found in considerable numbers in the Kohlu valley durmg May- June 
1937 Owincr to the favourable distribution of rainfall in February, March and 
Aprii (Tableful— Appendix), it is quite probable that sunilar breeding of 
Locusta h&d extended into various other neighbouring hill-valleys of Balu- 
chistan, such as those of Loralai and Sibi Districts and of the Marri-Bugti 

country. , 

During May, the Mekran Survey Assistant reported the presence of 
Locusta adMts in the Kolwa valley of Mekran, and on the 29th June, one of the 
Survev Fieldmen found five Locusta adults at Nuskhi in Chagai District. 

2. Summer brood. — In the desert area, very few specimens oi Locusta ^v■ere 
found'in the desert along with Schistocerca during surveys made in June at the 
Nokh Outpost, whereas during July, as many as fifty individuals of Locusta 
were collected in association with an equal number of Schistocerca between the 
1st and the 26th July, but from the 26th July both species became scarce at 
Nokh. At Phalodi, thirty-two miles south of Nokh, where a heavy fall of six 
inches of rain had been received on the 1st July, good numbers of Locusta 
hoppers were found on the 31st July in a grass-covered depression in the midst 
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-Localities where breeding occurred. 

Localities where concentrations of adults were found. 
'Presumed direction of migrations of solitaries. 

MAP SHOWING AREAS OF 
BREEDING & MIGRATION OF 
SOLITARIA INDIVIDUALS OF 
LOCUSTA MIGRATORIA L IN 
1937-1938. 
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PLATE V 


""eflirosia scrub and grasses at Sadulpur, Bikaner State, 
of Locusta migrator ia ph. soUtaria were seen on 
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of saiid dunes, while small numbers of Schistocerca hoppers were found among 
bushes on the sides of the dunes. In the Thar-Mallani area, in the southern 
desert, small numbers of Locusta wexe found appearing in July 1937 along with 
individuals of the Desert Locust. Similarly, in the vicinity of Karachi too, 
both Loousta and Schistocerca were found occurring together in July, 1937, 
during local surveys. 

In the East Bikaner area, neither Locusta nor Schistocerca adults were 
noted during a tour in the middle of May in the Nohar-ReiihSadulpur section, 
but by July, fairly large concentrations of Locusta and somewhat smaller 
groups of Schistocerca were found at Nohar (3rd July) and at Sadulpur (9th 
and 10th July). In the latter place especially, the Locusta population, esti- 
mated at about 80,000 per square mile, occupied a very large extent of rather 
low-lying area, covered with a heavy growth of Tephrosia scrub and grasses 
(Plate V, fig. 2), while the Desert Locust concentrations (about 10,000 per 
square mile) were found on sand-mounds in slightly higher and drier situations. 

On the other hand, few Locusta adults were noticeable in the Kachhi- 
Bolan area during July- August. 

With the heavy rainfall received during the latter half of June and in, 
July, Locusta hoppers were noticeable in greater or smaller numbers almost all 
over the desert regions, except in the Jaisalmer area. Specially large numbers 
of hoppers were noted along the eastern borders of the Deserfc as in the Reni- 
Sadulpur area of Bikaner, and the Shekawati area of Jaipur. The junior 
author, for instance, in the course of his examination of the Sadulpur neigh- 
bourhood, met with on the 11th August 1937 very large concentrations of 
hoppers and adults in certain places. By actually counting the number of 
hoppers and adults in measured plots of ground, he estimated the density of the 
Locusta population to be between one and three millions per square mile in the 
case of hoppers, and between two and four millions in the case of adults. In 
regard to the general colouration of the hoppers, he observed that it was mostly 
greenish, or green and brown, though in a certain number of them, he found the 
green replaced by reddish brown on the ventral surface, the reddish tinge 
being found extending also in some cases to the legs, the post-ocular streak and 
the pronotal stripe. He also found several other hoppers which had blackish 
brown dots interspersed on a background of grey brown and a few others 
which were of coal-black colour. 

Similar dense concentrations of hoppers and adults were noted in August 
in. the Jhunjhunu-Pilani area of the Jaipur State. 

In most parts of the Indian Desert, there was a cessation of monsoon 
rainfall from the end of July till the 7th of September (Table III— - 
Appendix), and as a result thereof conditions of drought prevailed, which 
began to affect cultivated fields as well as the natural vegetation, causing them 
to drj?* up. As high temperatures (for instance a maximum of 105'^F. at 
Bikaner early in September) and comparatively low humidity prevailed during 
this period, it is surmised that the ecological conditions in these areas became 
uncongenial to adult locusts, and created in them, an urge to abandon these 
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area.s As several dust or thunder storms passed over this area during J^st 
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District. The total area attacked was probably over 300 acres of cultivation 
which consisted mostly of jowari, and to a certain extent paddy, sugarcane 
and bajri. The worst attacked locality was Gundrasan, where several jowari 
fields were absolutely stripped of leaves (Plate V, fig. 1). 

From the data available, the origin of the infestation may perhaps be 
traced as follows. There was good rainfall in the Sirolii and Gujarat areas 
during July, which was favourable for the early crops, such as bajri, jowari and 
pulses. Then follo'wed a long drought in August, which was broken only on the 
8th September, when a depression, originating in the Bay of Bengal and travel- 
ling north-east to south-west, ushered in heavy rainfall in Gujarat and Rajpu- 
tana and it is surmised that a good proportion of the large Locusta population 
known to have been present in the areas of Eastern Raj pu tana were carried 
by the storms associated with the depression, into the areas of south-east 
Marwar, Sirohi, Idar, Palanpur and Mehsana. The transference of locust 
population would appear to have occurred not in the form of swarms, but as 
large groups of individuals. It is rather interesting to note that the regions 
infested, viz,, south-western Sirohi, Palanpur, Idar, and the north-eastern 
parts of Mehsana, form an area of undulating sandy loam country, 300 to 400 
ft. above seal-level, abutting on the bases of the Abu and AravaUi ranges. 
The surface soil layers of this area are composed mostly of a thick mantle of 
fine sandy loam (or perhaps loess) deposited in the form of a succession of low 
dunes by aeolian action in a former drier age. The geographical position of the 
infested areas rather suggests that the body of migrating locusts, on emerging 
from the hilly tracts of S. E. Rajputana, lying to the north-east of the plains 
of Gujarat, had selected the nearest wet patches along the fringes of the sandy 
country for depositing their eggs. Locusta migratoria has restricted food- 
habits, and as a rule attacks only plants of the grass family. In Sirohi, it was 
found to attack bajri and barti {Panicum miliacemn), and in Gujarat, jowari 
(sorghum), sugarcane and rice. In addition, various wild grasses were also 
devoured. It is probaWe that the Locusta adults had, on arrival early in 
September, concentrated in fields of bajri and jowari, and as they were pre- 
sumably already mature, they were able, almost immediately, to deposit 
eggs in the more moist situations among cultivation. Hoppers had probably 
emerged by the end of September and the beginning of October and begun to 
feed on the standing crops of bajri, barti, jowari, sugarcane and paddy before 
they were noticed and reported. Many of the hoppers had become adults by 
the end of October, and by November 10th, most of the adults had already 
disappeared from the scene of their activity. Though a fair number of bird or 
bat predators were noticeable, the diminution in numbers was so sudden that 
it could not have been solely due to the activity of natural enemies. Stray 
hoppers were, however, being found in these areas even in December, which 
would indicate that stray egg-laying had continued over a long period. 

i. Second brood of Locusta in the desert area. — The fall of good rain in 
September, in the southern areas of the desert, led to the development of a 
second brood oi Locusta in the Thar area, hoppers being found in fair numbers 
throughout October and the first week of November. Hoppers were similarly 
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observed in the vSancbore-Raniwara area adjoining the Sirohi area in Novem- 
ber. At Chaehro a sudden decrease in the population of Lociista adults was 
noticeable after the 10th November, and by the end of December, few specimens 
of Locusta were to be met with there. 

We are indebted to Dr. Keshodas Bawejaof Lyallpur for the information 
o-h^en by bun in regard to the presence of fairly large numbers of to adults 
in October on sarhanda (wild Sacchmum) at Campbellpur (Attock District) 
in the Punjab, and since Dr. W. Burns, Agricultural Expert, Simla also found 
a few adults in September at Simla, it is possible that Locusta, had also been 
breeding in various suitable grassy areas in Punjab during the monsoon 
period. 

5. Distribution of Locusta during November, December and Januanj . — 
During the second week of November 1937, one of the survey Eieldmen found 
fairly good numbers of Locusta adults in jowari fields between Jhimpir and 
Thano Bulakhan, and about the same time, fairly large numbers were similarly 
found in jowari along the banks of the Hab River near Karachi. On the 
22nd November, and subsequent days, quite large numbers of Locusta adults 
were noted in grassy areas situated between Naka Kharrari and Lak Baduk, 
the southernmost part of the Ambagh Reks, the density of population being 
estimated to be between ten and twenty thousand per square mile. These 
reks had been under observation since 1933, and never before had such large 
numbers of Locusta been noticed on them. One of the survey Eieldmen, who 
had been examining the Hinidan area in the interior of Lasbela State, found on 
the 16th November a fairly large concentration of Locusta adults (density about 
20,000 per square mile), in jowari fields at Hasan Pir, and he was assured by 
the cultivators that these locusts had been noticed on the crops only recently. 
He met with similar concentrations on crops in several other places, also along- 
side the Sind-Lasbela borders, such as Thana Kila, Hinidan, Koh Mahir, 
Pabuni, and Goth Sherkhan. Subsequently, fair numbers of Locusta. were also 
found in the interior of the Lasbela State, at Uthal, Wahyara, Thana Tappi, 
Nakhetri, and Liari, and one specimen, as far west as Chandragup. A few 
stray specimens were also observed in the Ormara and Kulanch areas in Novem- 
ber. In December, fair numbers of Locusta were found at Meting (Karachi 
District) on the jowari crop. 

During a rapid survey tour made in December, 1937, in the Gujarat- 
Kathiawar areas and again in Eebruary, 1938 in the Kathiawar-Cutch areas, 
small concentrations of Locusta adults were noticed in December at Nawanagar 
and Kuranga along the west coast of Kathiawar, as well as stray siiecimens of 
adults and hoppers in parts of Kathiawar. In Eebruary, 1938, a. few adults 
were found in the Junagarh area of Kathiawar, and small numbers at Bhuj, 
Bhachau, Mandvi, etc., in the Cutch State. Locust droppings were also found 
in wheat fields and grass areas in many localities in Cutch and Kathiawar indi- 
cating that locusts had visited them some time ago. 

6. Distribution in spring, 1938. — It was noticed that the large numbers of 
Locitsto adults found in jowan fields in Karachi-Lasbela areas, disappeared 
after the crop-harvest, and it is presumed that they became scattered over the 
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area. In February, stray hoppers were seen in many parts of the Lasbela 
State, and it is surmised that egg-laying had taken place after the fall of good 
winter rains in December and January last, but few adults were noticeable. 
No locusts were observed in December in the Kachhi area, whereas during a 
visit paid to the Kachhi, Bolan and Harnai areas of Upper Baluchistan in 
March 1938, it was noticed that Locusta adults were present there in varying 
numbers concentrated on the irrigated w’heat crop, which v/as then mostly in 
ears. As many of the Locusta females showed traces of soil and froth on their 
valves, there is little doubt that they had already laid eggs in the soft, moist 
loamy soils of the wheat fields. As by the time wheat is harvested, neigh- 
bouring fields would have been sown with jowar and melons, the hoppers will 
presumably transfer themselves to the latter on hatching. It is obvious that 
the large concentrations of hoppers noted last year in June at Kirtha should 
have been the result of similar concentrated egg-laying in wheat fields in March 
last. (Large numbers of hoppers have since been reported to have been 
found at Kirtha in May 1938). 

Analysis of the data and inferences 

In analysing the data of the past seven years — as detailed above — the 
followdng observations may perhaps be made. 

1. In the Sind-Rajputana area, which is subject to monsoon or summer 
rainfall, the solitary phase individuals of the Migratory Locust, as in the case 
of the Desert Locust, are most in evidence during the monsoon months, and 
are least noticeable during the dry season between January and May. Lociista 
breeds in this region soon after the fall of monsoon rains, and the adults of the 
new generation generally make their appearance during August or by the 
beginning of September. If the rainfall continues to be satisfactory in August 
and September, a second generation may be produced in the desert during 
October. On the other hand, in the Baluchistan areas, Locusta is generally to 
be seen in the spring months, and breeding may take place in spring or early 
summer. As the eastern parts of Baluchistan, such as Loralai and Sibi Dis- 
tricts, Lasbela, Jhalawan, and Kachhi, and the Kolwa and Panjgur areas of 
Mekran, generally come under the influence of the monsoon to a greater or lesser 
extent, a summer brood of Locusta may come into existence in these areas, as 
in the case of Scliistocerca, Should there be no rainfall in summer, neither 
adults nor hoppers of Locusta are likely to be found during the summer months 
in Baluchistan. 

2. During the year 1936, the effect of climatic fluctuations on the popula- 
tions of the Desert Locust was under study during September and October in 
the desert areas. It was noticed that the populations of Schistocerca as well 
as of Locusta rather suddenly disappeared in the southern areas during the 
latter half of September and the main factors concerned in this phenomenon 
were found to be a rise of diurnal temperatures, a fall of relative humidity 
of the atmosphere, and the appearance of dust-storms in the afternoons. It is 
conjectured that the above-stated changes in the climatic conditions had 
rendered the environment in the desert uncongenial to the adult locusts and 
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had caused them to take to flight and leave the area, the time of flight synchro- 
nising with that of the occurrence of the storms. On the other hand, by 
November there was a definite fall in the temperature levels as well as a slight 
rise in atmospheric humidity due to the advent of the cold weather, and in 
areas, like that of Nokh in 1936, where locusts had become fledged late in the 
season, there was no attempt on their part to leave the area. They passed the 
winter there, and began to disappear only at the end of February 1937, when 
dry hot conditions again began to prevail. 

An emigration of adult locusts was brought about in August-September 
1937, when on account of the prolonged break in the monsoon in August 1937, 
conditions of comparatively high temperatures and low humidity prevailed in 
the north-eastern areas of the desert, as had happened in September 1936 in the 
Thar Area. 

3. Though various observations made during the period 1931-1935 rather 
vaguely pointed to the possibility of a shiftiug of the Locusta population from 
the spring rainfall areas of Baluchistan into the summer rain regions of Rajpu- 
tana and vice versa with the change of the seasons, no definite evidence was 
forthcoming. During the period 1936-1938, however, owing to the occurrence 
of heavy as well as extensive breeding of Locusta both in spring and summ er in 
different parts of North-West India, fairly definite indications of a transfer of 
population from one area to another have become available {vide map append- 
ed). First, fairly good numbers of Locusta adults were noticeable in the Jaisal- 
mer area during the months of October-December 1936, but were not to be 
seen there from January 1937 onwards till June next. Secondly, heavy breed- 
ing was noticed in May and June 1937, in the Kachhi area and in the hill- 
valleys of Baluchistan, such as Bolan and Kohlu, bringing about a high rise in 
the density of population. By June-July, however, there was a very consi- 
derable decrease in numbers here. Thirdly, at about the same time, heavy 
concentrations of Locusta adults made their appearance in the eastern parts of 
the Indian Desert, as at Beni and Sadulpur. There was extensive breeding in 
these parts in July-August, but by September the density of population had 
greatly decreased, evidently by emigration. Fourthly, in September-October 
an incursion of Locusta migratoria, followed by a heavy infestation of cereal 
crops, had occurred in the SirohiTdar-Mehsana areas, and comparatively 
light breeding in the Thar area ; but during November, the adults pi’oduced 
here were found disappearing. Fifthly, concentrations of Locusta adults of 
varying densities were observed on jowari and wheat crops during November- 
December in the Narachi-Lasbela areas, as also, in parts of Kathiawar and 
Cutch ; and lastly, very few Locusta adults were noticeable in February 1938, 
in the Karachi-Lasbela areas, whereas, fairly good numbers were seen in wheat 
crops in March in the Kaehhi-Bolan-Harnai areas of Balucliistan. 

4. So far, no direct evidence has been obtained in regard to the ability of 
the sohtary phase form of Locusta to migrate from place to place. Marking 
experiments could not, unfortunately, be tried early enough durmg the year, 
and out of about sixty specimens marked and released in December 1937, at 
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Ambagh, none have so far been recovered. As yet, no actually observed cases 
of high flights have been recorded, except, perhaps, in one rather pecuhar 
instance, in which a solitaria individual of Locusta was observ^ed, on the 1st 
August 1937, dropping like a stone from above at about 8 p.m. at night, 
attracted to the bright light of an incandescent mantle lamp kept in the court- 
yard of the Nokh Outpost. As the courtyard in question was shut oif by fairly 
tall huts on three sides and was open only to the north-east, and as a strong 
south-west wind was blowing at the time, it was sunnised that the locust had 
been attracted to the hght while migrating high above ground-level with the 
prevailing wind. On that day, it may be added, neither Locusta nor Schistocerca 
was located anywhere in the vicinity of Nokh during survey. 

On the other hand, there is strong indirect evidence in regard to the reality 
of migration. The very fact that in certain eases, large munbers of locusts had 
often been met with in places where none had been seen a short while ago, and 
in certain others, few were noticeable in localities where they were known to 
have been present some tune earlier in very large numbers, may be taken as 
presumptive evidence in regard to their powers of migration. The rather 
extraordinary sequence of occurrences chronicled last year (1937) (see map 
attached), viz., the breeding in May-June in Kachhi and Bolan, and then in 
July-August in east Bikaner, followed by the reported infestation in Sirohi 
and Gujarat in September-Oct'ober, and the concentrations observed in 
crops in Lasbela and Kathiawar in November-December, and hi Kachhi- 
Bolan in March, 1938, would really appear to be an organically linked chain of 
events, that cannot be explained except on the basis of a hypothesis of a 
migration flight of individuals from one breeding ground to another under the 
directive force of the prevailing winds. 

5. Although the solitarias of both Locusta and Schistocerca show a good 
deal of agreement in their general breeding habits and in their reaction to 
climatic conditions, they present certain striking contrasts in their ecological 
preferences, which are of hnportanee in a study of the factors that bring about 
swarming. Whereas the Desert Locust favours comparatively dry situations, 
prefers sandy areas for egg-laying, and is, on the whole, of cosmopolitan tastes, 
though usually exhibiting a definite choice for certain wild food-plants, 
Locusta has a preference for relatively more moist miero-chmates, generally 
selects loamy soils for oviposition and has a strong predilection for food plants 
of the grass family, whether wild or cultivated. In the areas of the Indian 
Desert, Locusta generally lays eggs in clayey hollows in the midst of sand- 
mounds, and the adults also prefer to concentrate on densely grown crops, such 
as bajri, jowari, wheat or millets, or among thick clumps of grasses. In this 
connection, Baure’s remarks [1932] on the habits of Locusta m. migratorioides 
ph. solitaria in South Africa are of much interest : “ The habits of this locust 
stand in direct contrast to those of Locustaria pardalina ; the latter is a lover 
of open spaces, while the former hides in the dense growth of lucerne, and is 
exceedingly difficult to catch, mainly because it gets down near to the ground 
and hides^ It has been found in greater numbers in weedy {i.e., grassy) 
fields of lucerne. At Brandvlei, I found this locust in the stubble of recently 
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cut -wheat lands. In Pe Aar district it was taken in maize land.s— small irrigat- 
ed patches in the semi-arid Karroo — but not in the open veld where L. par- 
dalina occurs 

6. The fact that this locust tends to concentrate in patches of cultivated 
cereals and to lay eggs therein, if the conditions are favourable, is important 
from the point of view of the formation of incipient swarms. In the Bolan 
valley, as also in similar other hill-valleys of Baluchistan, arable land is limited 
to patches of fine silt of varying extent, deposited at the bottom of hollows 
between rocky, barren hill ranges, and the extent of cultivation of wheat, and 
later on of jowari is dependent on the quantity of spring or stream water avail- 
able for irrigation. By the time the hoppers emerge from eggs laid in the 
wheat fields, the crop is ready to be cut, but since the neighbouring fields are 
generally sown with sorghum and melons, they may feed either on grasses in 
the harvested fields or transfer themselves to the sorghum plants. There are, 
thus, great possibilities of concentrated breeding of Looiista taking place in the 
narrow hill valleys of Baluchistan. In the high dune areas of the Indian 
desert, bajri (Pennisetum typJioideum) is generally cultivated in the hollows 
between the sand-ridges, where the soil is comparatively more clayey and 
moist, for which reason, Locusta also selects such areas for egg-laying. If the 
number of migrating locusts should be large, crowded oviposit ion might result, 
but in seasons of good rainfall, the general vegetation, including various grass 
amiuals, springs up in such profusion on the vast expanses of the desert, that 
the hoppers would tend to get dispersed and isolated amongst the dense vege- 
tation, unless the population is very dense. 

Notes on the phase characteristics of the Locusta population in 1937 

In the course of the year 1937, a collection of Locusta adults wrs made 
from the different areas where breeding of Locusta or the appearance of adult 
individuals or concentrations had been noticed. These collections were studied 
by Mr. R. L. Gupta, Biometrical Assistant, attention being concentrated 
mostly on the determination of the Elytron/Femur ratios, the results of which 
have been classified in Table IV (Appendix). Zolotarevsky [1933] had, in 
his studies of Locusta m. capito, tentatively fixed the limits for gregaria ratios 
for Locusta at 2*00, so that those showing 2* 00 or above were to be considered 
as gregaria and those below as solitaria. From a study of the solitaria speci- 
mens collected in India, it would appear that the limit for solitaria should be 
fixed somewhat lower, as most of the measurements lie between 1 * 80 and 1 * 90. 
For the sake of convenience, 1'90 has been taken as an arbitrary upper limit 
for solitaria^ and ratios between 1*91 and 2* 00 have been classified in this paper 
as representing 'intermediate' or tranaiens ratios, and those above 2*00 as 
gregaria. 

Of the forms collected in Sibi, Kachhi and Bolan areas in May and Jiine 
only 14 per cent showed the ‘ intermediate^ ratios, i.e., E/F ratios of over 
1* 90. The great majority were all " solitaria ' in character. 


SOLITARY F'HASB INDIVIDUALS OF LOCUST A MIGBATOPJA 


93 


The collection of adults made in June- July in the Jaisalnter area and the 
forms found in the concentrations found in July in east Bikaner area had a 
higher proportion of the ‘ intermediate ’ ratios, viz., about 32 per cent. 

Among the forms found in Thar-Mallani area in July-August, and in 
the collections made in the Bikaner-Jaipur-Jodhpur areas in'’ September- 
October, the proportion of ‘ intermediate ’ ratios was low (6 to 9 per cent), 
and in the Thar-MaUani area in November, the proportion is higher (25 per 
cent). “ 

In the areas of infestation in Sirohi, examined on the 31st October 1937, 
it is interesting to note that 31 per cent of the number of specimens collected 
showed ‘ intermediate ’ ratios, 46 per cent ‘ gregaria ’ ratios, and the rest, 
about 23 per cent, ‘ solitaria ’ ratios. In the Mehsana area of infestation, a 
collection of specimens was made only by the second week of November, at 
a stage when a great many of the adults of the new generation were reported 
to have already disappeared ; gregaria forms were not found in this popula- 
tion, but about 75 per cent of the specimens collected showed ‘ intermediate ’ 
ratios. 

Binally, the concentrations of adults found in sorghum fields in November- 
Becember, in the Lasbela — Karachi areas, had about 23 per cent of ‘ inter- 
mediate ’ forms, the rest being all solitaria. 

The above results show that, during 1937, the proportion of ‘ intermediate ’ 
to ‘ solitaria ’ showed a general tendency to rise with the gradual rise of popula- 
tion. The degree of development of the higher phase ratios w ould appear to 
be dependent on the strength of concentration at the breeding period, the 
gregaria forms having appeared this year only at the peak of the breeding. 

Specimens of ‘ transiens ’ and ‘ gregaria ’ forms collected in the Sirohi 
area were sent to the Imperial Institute of Entomology, London, and the 
phase determinations were confirmed. Dr. Uvarov, who examined them, 
stated that in the absence of a larger series of gregaria forms, it would be difii- 
cult to say which sub-species of L. migratoria the Indian forms are to be 
referred to. He, however, thought that the Indian forms approached the form 
manilensis in their size, though in the shape of the prothorax they approximat- 
ed migratorioides. 


Nattjbal enemies observed 

The natural enemies observed so far include some of the common bird 
predators, a bat and two mite parasites. 

The birds found attacking this species were : 1 . the Indian Roller (Cora- 
cias), the Bee-eater {Merog)s viridis), the Grey Shrike {Lanins), the Mynah 
(Acridotheres), the Drongo (Dicrurus) and the Starling {Pastor roseiis), the 
last being found occurring in large flights. 

In one of the places in the Vijapur Taluka of Mehsana District, a fairly 
decent heap of cut wings and hind-legs of Locusta was discovered at the base 
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of a large hollow in the trunk of an old mahua (Bassia) tree in the vicinity of 
affected fields, indicating that bats had been actively feeding on Locusta 
adults at night. 

Of the mite parasites, one was the common red mite found on the wings 
of various locusts and grasshoppers, possibly the young ones of Trombidium 
grandissimum. The other — possibly a Tarsonemid — is a mite of cream 
yellow colour, found occurring in masses on the thorax, abdonien and wings of 
the adult. Eggs, larvse and adults of the mite generally occur crowded toge- 
ther on the locust, and at times the percentage of infested locusts is very 
high. 

Past recoeds of swarming of Locusta migratoria in India 

Most of the known records of locust swarms in India refer either to 8chisto- 
cerca or Patanga, and there is no definite record of swarms of Locusta, although 
the soUtaria form of Locusta is knowTi to occur throughout India. 

There is, however, one striking case of infestation, which Cotes [1891] 
has recorded referring to it as the Madras Locust Invasion of 1878. Accord- 
ing to him, locusts invaded the whole of the Madras Presidency in 1878, the 
last year of the great South Indian Famine, causing damage high enough to 
aggravate the distress resulting from the famine. The young locusts (hop- 
pers) began to appear in January and were found in great numbers in different 
districts from that date on till September and October — the earliest swarms 
being found in the south and west of the Presidency and the later ones in the 
north and east. The winged locusts were first observed in the end of March 
and the beginning of April in the south-west (Wynaad and Nilgiris), and they 
afterwards spread over the Presidency to the east and north, not finally dis- 
appearing tfil about November and December. Young locusts (hoppers) 
which were found in the early part of May in the Udamalpet taluq were sup- 
posed to be the offspring of the large flights of winged locusts that had appeared 
in the preceding February in the same taluq, and it is stated that locusts were 
observed pairing in the latter part of eJune in the Salem District (situated 
towards the north-east) The visitation was apparently of considerable 
magnitude, since control measures such as the destruction of large niinibers 
of hoppers by driving them into lines of burning straw, and driving winged 
locusts from one village to another by beating through the crops, had to be 
adopted. 

Specimens supposed to represent the Madras Locust preserved in the 
Central Museum, Madras, are said to have included no less than six distinct 
species of Aerididae, such as Cyrtacanthacris, Acrida, etc., of which Pachyiylm 
cinemscens {Locusta migratoria danica) was the only representative of a real 
locust. 

It may be observed that the months of January, February and Blarch 
are warm enough, in the parts of South India referred to by Cotes, to favour 
locust breeding. The prevalent winds in these regions are from north-east 
to south-west during the period between October and February, and south- 
west to north-east between May and September, so that the direction of the 
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locnst movements recorded coincide with the wind directions. Though from 
the data available there is no definite indication as to the identity of the 
locust eoncerned, it appears probable that the species in cfuestioii was Locusta 
migmtoria, and the origin of the infestation was, possibly, derivable from some 
concentrated breeding that had taken place in grass areas near the foot-hills 
of the Western Ghats Ranges during the rains of the north-east monsoon. 

Possibilities of Locusta forming swarms in India 

Locusta wigratoria ph. soUfafia appears to resemble the solitary phase of 
ScMstocerca gregaria very closely in the broad outlines of its life-history and 
habits. In both, there is no diapause in the egg-stage ; under natural condi- 
tions, oviposition is, in both, dependent on the occurrence of rainfall ; the 
period of duration of the egg and hopper stages is short whenever conditions 
of temperature and humidity are favourable ; and in both species, there is 
the possibilit}^ of the occurrence of two or more generations during a year, in 
case the individuals can reach appropriate rain-belts at the right time. Al- 
’ though the solitaria form of Locusta is known to occur throughout India, no 
continuous observations have, as yet, been made as to its annual life-cycle in 
India, except in the desert areas of north-west India. 

It is, however, evident that the possibility of the continuance of an infes- 
tation over a series of ^^ears of a- locust possessing the life-hahits of Schistocerca 
or Locusta would be dependent solely on its ability to reach suitable areas of 
rainfall, so as to ensure the development of at least two annual broods in order 
that its numerical strength might be maintained. In the major part of the 
Indian continent, rains are confined to the period of the summer monsoon 
between June and September, and the rest of the year is on the whole com- 
paratively dry. On the other hand, the southern parts of the Indian Penin- 
sula are under the influence of the retreating or north-east monsoon which 
lasts between October and January. Again, the north-western parts of India, 
including Baluchistan, North-West Frontier, Punjab, Kashmir and part of 
the United Provinces, receive var3dng amounts of winter rainfall distributed 
in the period between December and March, in the course of the development 
of a series of western disturbances which originate on- the MediteiTanean coast 
and pass eastwards across Iraq and Iran. Both in the case of South India 
(-with the exception of the West Coast) and Baluchistan (excepting the eastern 
parts), rainfall is comparative^ light during the monsoon period. 

In north-west India, the occurrence of a spring brood in Baluchistan, 
followed by a summer brood in the Rajputana desert area, is rendered possible 
by the difterences in the time of occurrence of rainfall in these regions and the 
active part taken by the seasonal winds in the transfer of the locust popula- 
tion from one region to the other during summer and autumn. On the other 

* Through the courtesj^ of the Development Department of the Government of 
Madras, the Proceedings of the Board of Revenue, Madras for 1878, ccntaining the 
accounts of the 1878 infestation, have since been studied, from which it has now become 
fairly evident that the species concerned was mi^ratona. 
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hand, the winter rain area of South. India would appear to be cut off from the 
breeding areas in the desert not only by the great distance but also by the 
lack of favourable wind agency. If, for example, the seasonal winds during 
November, 1937, had been such as to transport the high population of Locusta 
produced in the Sirohi-Mehsaiia areas, into the north-east monsoon areas of 
Madras, there should have been the danger of a serious infestation developing 
in South India. 

Even in the Baluchistan areas, winter rainfall is late and generally scanty, 
and at any rate, owing to the temperature conditions of winter, breeding would 
not be possible in the hill-valleys of Baluchistan till March-April. Should 
there be heavy spring rainfall in Baluchistan, followed by concentrated breed- 
ing, and should there be two successive generations in the monsoon areas, as 
had happened in 1937, there might be a danger of swarming of Locmia in 
India, but in the present state of our knowledge, it is not possible to make any 
statement as to whether the swarms of Locusta^ when once they are started, 
would be able to continue their activity in the rest of India, on the analogy 
of the behavior of Locusta m. migmtorioides in Africa. 


SigmiicaBce of the phenomenois of migration amoisg the solitaria locust 

population 


The significance of the powers of migration shown this year by the soUtaria 
population of migratona in north-west India cannot be over-estimated, 



especially with reference to the formation of incipient swarms. Eor instance, 
during the investigation of the serious infestations reported from the Sirohi 
and Mehsana areas in 1937, the outbreaks should have had to be considered 
as having been of purety local origin, if the facts in regard to intensive breed- 
ing in the Baluchistan and BU^aner areas had not been known. Similarly, 
the disappearance of the forms of the new generation slioiild have otherwise 
been attributed to the action of natural causes, such as the activities of 
natural enemies. With the fairly definite circumstantial evideiiee obtained 
now in regard to the migration of tlie solitmia individuals, we have now clues 
of value to determine wdiether breeding of any considerable magnitude could 
be expected at any particular time in north-west India. 

Though it is risky to hazard any statement with reference to regions of 
which one has no personal acquaintance, the senior author of this paper is 
inclined to believe that it is not very unlikely that the solitaries of other races 
of Locusta migratoria in Africa, Europe and China may also be found to have 
similar habits of migration. 

In regard to the study of the factors which contributed to the develop- 
ment of the primary outbreak centre of Locusta m, migraiorioides R. and F. in 
the current outbreak in Africa, w^hich has achieved a phenomenal spread 
covering over ten million square miles, the senior writer of this jjapcr would 
venture, to make a few observations. The very interesting analysis made 
by Lean [1931] in regard to the movements of the early swarms of Locusta m. 
migmtorioides in the regions of West Africa during the period 1928 — 1930 
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would indicate that the movements have been, in general, north-east to south- 
west in the autumn and south-west to north-east in early summer, coincident 
with the prevailing direction of the seasonal winds of the period. Breeding 
would appear to have occiirred on the west coast in Senegal, French or Portu- 
guese Guinea in April after th.e early rains ; and the new generation of locusts 
would appear to have moved eastwards in June-Juty into the Niger area, 
where breeding would seem also to have taken place thereafter. In autumn 
the sw^arnis of the new generation w-oiild appear to have been moving west- 
wards once again. It was only in 1930, betwu-en May and July, that a consi- 
derable j)art of the swarms moved further east into Anglo-Egyptian Sudan, 
from which area the succeeding generation flew southwards, thus marking 
the commencement of the main invasion of the central parts of the African 
Continent. It may be noted here, however, that in spite of the great develop- 
ments in the central and southern regions of Africa during the period 1931 to 
1936, West Africa has continued to be subject to the periodical invasions of 
srrarms, the direction of movements of which would appear to have varied 
more or less dhectly with the trend of the prevailing wdnds at the change of 
the seasons [Uvarov, 1933 ; 1934 ; 1935 ; 1936]. Observations on the occur- 
rence of seasonal migrations of solitaria mdividuals of Locusta migratoria 
in this important area would be of particular interest. 

Summary 

1. In the course of periodical surveys carried out since 1931 in the desert 
areas of Sind, Baluchistan and Rajputana, in connection with the observa- 
tions on the seasonal distribution of the solitary phase of the Desert Locust, 
stray specimens of the solitary phase of the Bombay Locust {Patanga succincta) 
and the Migratory Locust {Locusta migratoria) were being found, and in view 
of the evidence obtained in 1935 as to the capability of the solitaria individuals 
of the Desert Locust of making long, seasonal migrations from winter-rain 
areas to summer-rainfall areas in early summer, and back again in autumn, all 
the data gathered during the past seven years in regard to the Migratory 
and Bombay Locusts were collected together and studied. 

2. In the case of the Bombay^ Locust, it may be stated that most of the 
forms w^ere met with in the areas of Rajputana, Sind and Western India States, 
and always either in autumn, -winter or spring months, but never during the 
monsoon period. Though it is evident that the forms met with are migrants, 
the data available at present are not such as to lead to any definite conclu- 
sions. . , 

3. In regard to the Migratory Locust, the data for 1931 to 1935 are rather 
fragmentary, but serve to indicate though vaguely that the Locusta popula- 
tion is most in evidence in the desert areas during the monsoon months, during 
which period breeding also takes place. In the Baluchistan areas Loc^^sta is 
observable mostly in spring, when it breeds there generally. In case there 
should be summer rainfall, summer breeding also may occur. 

N a ' 


08 


THE INDIAN JOUBNAL OF AOBIGULTUEAL SCIENCE [IX, I 


4. The data for 1936-38 are very much fuller, and detailed observations 
are available. During May-June, 1937, there was intensive multiplication 
in the Kachhi, Bolaii, and Kohlu areas of Baluchistan, but by August, the 
high population noticed in June had disappeared. In July, rather dense 
concentrations of Locusta adults were seen in east Bilcaner and there w^as 
heavy multiplication in July- August there. Ovdng to the development of a 
drought in August, the population gradually disappeared during Septem- 
ber. In Septeniber-October, there was a severe hopper infestation in millets 
in the Sirohi-Mehsana-Idar areas, which is presumed to have developed from 
j locusts derived from the Bilraner areas. In November-December, large con- 

^ eentrations of adults were found in jowari fields in Kathiawar, Sind and Las- 

bela ; and in March 1938, none were to be found in Sind and Lasbela, though a 
i* fair number was seen in Vvdieat fields in the Bolan Valley. From the above 

1 it is obvious that there has been a great shifting of population from one area to 

! another during 1937, leading to considerable infestation. 

’ 5. Though no direct evidence in regard to migration has been available, 

there is much circumstantial evidence to show that the solitaries of Locusta 
are capable of long distance migration, like those of the Desert Locust. The 
sequence of events recorded in 1937, viz. the successive broods noted in May- 
• June, July -August amd September-November, and the concentrations of 

adults noted in jowari in November-December, and in wheat in March 1938, 
w - is a fairly clear indication of the migratory capacities of ioc'Z/.s to. 

• 6. Locusta differs from Schistocerca in its ecological preferences, as it de- 

finitely favours a fairly moist environment, and has a special predilection for 
food-plants of the grass family. These preferences are of special significance, 
", as they lead to the formation of its concentrations on irrigated crops like wheat 

and millets in hill valleys, and to the development of outbreak centres in such 
situations as a result of crowded breeding. 

7. A study of the phase characters of the populations collected during 
different parts of the year 1937 has shown that the insect had undergone a 
certain degree of morphological change as a result of crowded breeding. In 
general the proportion of forms with 'intermediate ' E/F ratios as compared 
with the solitaria ones showed a definite rise and in one case (at Sirohi), de- 
finite ‘ gregarm ' ratios were found to have been developed. 

8. The natural enemies observed consisted of the usual bird predators, 
certain bats and two kinds of Acarid mites. 

9. Although the solitaria form of Locusta migrtooriT is common 
out India, there are no definite records of the development of swarms of Locusta 
in India, but a case recorded by Cotes in the Indian Museum Notes VoL 2 
(1891— 1893) under the title '' Sladras Locust Invasion of 1878 ” may possibly 
have been an instance of the swarming of this species. 

10. The development of an infestation of locusts of the type of Locmta 
OT Schistocerca is dependent on the existence of a combination of suitably 
situated summer and winter breeding grounds betw^een which the seasonal 
winds can naturally bring about a regular transference of locust populations 
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at the end of the breeding period, rendering it possible for the loc 3 nst to have 
both a summer and a winter or spring generation during the year. A serious 
infestation can, however, develop only in case the locust is able to greatly 
multiply in numbers as a result of two or more consecutive broods developing 
with, the occurrence of exceptionally high rainfall in winter as well as in sum- 
mer. It is, therefore, considered that the swarming of Locusta would, under 
the conditions of north-west India, be a rather exceptional event. 
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Appendisc 
Table I 


Finds of Solitaria specimens of the Bombay Locust (Patanga succincta) in the desert 
areas of North-West India during 1933 — 1938 


Year 

Season 

Month 

Baluchis- 

tan 

area 

Sind-Eajputana-Eathiawar areas 

No, of 
specimens 
found 

1933 

Spring 

March . 

mi . 

itadhanpur (4th March 1933) 

One specimens 





Cutch (11th March 1937) 

Four specimen 

1934 

Spring 

May . 

mi . 

Cutch (4th May 1934) . 

Two specimens 


Autumn 

Kovember . 


Bikaner (Sardarshahr) (4th Novem- 
ber 1934) 

One specimen 

1935 

Winter 

Jannary-Feb- 

mi . 

Thar-Mallani area — 




ruary 

1 

(Virawah, 27th January 1935) 

Two specimens 





(Harrah, 30th January 1935) 

One specimen 





(Dhorimana, 12th February 1935) 

One specimen 


Summer 

June . 

mi . 

Jaisalmer (Nokh, 4th June 1935) . 

One specimen 

1933 

Autumn-Win- 

ter 

N 0 V e mber- 
Deceinber 

JSfU . 

Bikaner (Sonpalsar, 7th November 
1936) 

One specimen 





Jaisalmer — 

(Girasar, 20th November 1936) 

Two specimens 





(Nokh, 12th December 1936) 

One specimen 

1937 

Winter 

January 

m. 

Jaisalmer — 

(Tarana, 18th January 1937) 

One specimen 



February 

mi . 

(Nokh, February 1937) 

Seven specimens 





(Lathi area, February 1937) . 

Five specimens 


Spring 

March . 

mi . 

Bahawalpore (Mithia, 9th March 
1937) 

One specimen 



April . 

... 

Jaisalmer (Bani, 11th April 1937) . 

One specimen 


Autumn 

October 

NU . 

Bikaner (Bambu, 27th October 1937) 

One specimen 



November . 

... 

Mallani (Barmer, 27th November 
1937) 

One specimen 


Winter 

December . 


Bikaner (Sardarshahr, 10th Decem- 
ber 1937) 

Mallani area (Nand, 28th December 
1937) 

KatMawar (Amreli, 26th December 
1937) 

One specimen 

One specimen 

One specimen 

1938 

Winter 

January- 

February 

Nil . 

Jaisalmer (Nokh, 14th January 1938) 

Bikaner (Sardarshahr, February 
1938) 

Thar area (Virawah, 8th February 
1938) 

One specimen 

Tliree specimen 

One specimen , 





Eatluawar— 

(Junagarh, 12th February 1938) . 

One specimen 





(Viramgani, 2nd February 1938) . 

Two. specimens 

. 

Spring 

1 

March , 

Kachhi 
(Dadhar, 
23rd March 
1938) 1 

specimen 

Bikaner (Sardarshalm, 6th March 
1938) 

Two specimens 
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Table IV 

Results of a biometrical analysis of Locusta populations in North-West India in 1937 


Serial 

No. 


Months 


May-Jnne 


July 


July- August 


September- October 


October 


November . 


November 


NoVember*Becember * 


Melisana (Baroda 
District) 


Lashela area 


28 


65 


Area 

Total 

No. 

examined 

* SoUtaria * 
ratios 

1-90 

and 

below 

‘Intermediate’ 1 
ratios 
between 

1 • 91 and 
2-00 

' Gretiaria ’ 
ratios 

2-01 

and 

fibove 

Sibi-Bolan-K a c hlii 
areas 

S5 

30 

5 (14 per cent) 

NU 

Nokh-Jaisalmer- 
Bikaner areas 

48 

29 

14 (32 per cent) 

Nil 

Thar-Mallani area . 

21 

19 

2 (9 per cent) 

NU 

Bikaner-J a i p u r- 
Jodhpur areas 

37 

35 

2 (6 per cent) 

1 

NU 

Sirohi area , . 

26 

6 <23 per 
cent) 

i 

j 

j 8 (81 per cent) 

12 (46 per 
cent) 

Thar-Mallani . . 

8 

6 

2 (25 per cent) 

NU 


7 I 21 (75 per cent) 


50 


16 (23 per cent) 


MU- 


MU 
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I. Intbodijctory 

The White^fly, Bemisia gossypiperda M. & L., is one of the major pests 
of cottons in the Punjab. It sucks sap from the leaves and drains the plant 
food. The honey-dew, which it secretes falls on the leaves and serves as a 
medium for the growth of black Uioulds, which interfere in photosynthesis. 
An attack of this pest iS; therefore, capable of causing very heavy reduction 
in yield. 

( 109 ) 
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Small scale* experiments, conducted from 1929 to 1932, amply proved 
the value of spraying for the control of White-fly. In order to estimate the 
efficacy and economics of this method of control, on field scale, the Indian 
Central Cotton Committee sanctioned a sum of Es. 11,250 for spraying trials 
during 1933. Extensive spraying operations were conducted during July 
and August, at the British Cotton Growing Association’s Farm at Khanewal, 
and at the Military Farm, Okara. During 1934, the Committee sanctioned 
another grant of Es. 6,690, which included a sum of Es. 5,354 being the amount 
of savings from the previous year, for further spraying trials. The Committee 
desired that these trials be extended to four centres, namely Khanewal, 
Gkara, Sargodha and Lyallpur, and that both the desi and American cottons 
be treated and that insecticides other than Eosin compound be tested. 
It is regretted that the operations could not be carried out at Lyallpur for 
want of spraying machines. 

As far as we know, it is the first time that under Indian conditions, spray- 
ing opera-tions have been conducted on so large a scale, in the field. The 
data presented, therefore, will be useful not only to cotton groovers, but also 
to farmers in general. 

The British Cotton Growing Association, Ltd., Khanewal, very kindly 
placed, at our disposal, their spraying machine (Sapom) free of charge. The 
Department of Agriculture lent the services of their mechanic and permitted 
the use of their Orchard Power sprayer and other equipment. One Hardie 
and one Sapom sprayer were purchased from the grant sanctioned by the 
Indian Central Cotton Committee during 1933. The generosity of the Com- 
mittee is gratefully acknowledged. 

The statistical analysis of the data was carried out by Mr. B. E. Sehgal, 
Statistical Assistant, Cotton Eesearch Laboratory, Lyallpur. His help is 
gratefully acknowledged. 

11. Experimental technique 

The efficacy of spraying may be determmed by comparing the yield 
from the sprayed fields with that from the unsprayed plots, and also by the 
actual determination of the percentage of insect mortality. Tlie first method 
appeals to the growler as it enables him to determine his net gain. This 
method, however, has serious limitations. The yield of a crop depends upon 
a number of factors, such as climate, soil fertility, crop rotations, dates of 
sowing, frequency and quantity of rainfall and irrigation facilities and upon 
attacks of pests and diseases other than the one under investigation. It 
is impossible to expect anjr one of the above factors to be uniform, when 
one is dealing with large areas at different places. If one could vary the 
‘ White-fly ’ factor alone, it would be possible to arrive at some definite 
conclusion, but often unexpected factors come in and vitiate the results of 
such experiments. Eor instance, during 1933, some of the sprayed fields 

* The average size of plots in these experiments varied from l/12th to ]/20t}i of 
an acre. 
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at Khanewal were so badly attacked, by Sylepta derrogata, that the increase 
in yield as the result of spraying could not be definite^ determined. Never- 
theless, the data of yields from sprayed and unsprayed fields for the years 
1933 and 1934 have been collected and given in Tables IV, V and VI. 

The second method gives reliable data of insect mortality, but does not 
give any idea of the economic advantages of the operation. We have mostly 
depended upon this method to determine the efficacy of spraying. Mortality 
among the adults was estimated by counting the dead and living insects soon 
after spraying. For nymphs and pupae, samples of sprayed leaves were exa- 
mined under a magnifying lens twenty-four hours after the operation. The 
natural insect mortality was determined by examination of similar samples 
of leaves from the neighbouring unsprayed plots. 

III. Insecticxdes used 

During 1933, 1280 acres of cotton crop at Khanewal and 521 acres at 
Okara, and in 1934, 1585 acres at Khanewal, 656 acres at Okara and 45 acres 
at Sargodha, were sprayed with rosin coinpound. The other insecticides 
used are listed below : — 

Table I 


Insecticides tried during 1933 and 1934 


Insecticide 

Formula adopted 


Dilution 

tried 

Rosin compound 

(a) Rosin Grade III 


5 lb s . 

1 , « 

Washing soda . 
Water . 

(b) Rosin Grade III 

• 

1 lb. 
5gls. 
5i lbs. 



Washing soda . 
Water . . 

(Used at Khanewal in 

1934), 

1 lb. 
6ir gls. 

1 

Rosin soap .... 

Rosin soap . 

Water . . 


2 lbs. 

Igl- 


Fish oil soap 

Fish oil soap 

Water . . . 


2 lbs. 
Igl- 

i 

Tobacco decoction . 

Tobacco . 

. 

1 lb. 



Washing soap 

Water . 


Jib. 

2 gls. 

V 1 ; 6 

Kerosene oil emulsion 

Kerosene oil . 


igl- 

j 


1 Washing soap 

Water . 


2 lbs. 

2 gls. 

V 1:9 

Lime sulphur . 

Sulphur 


6 lbs. 

1 1:8 

Slaked lime . 

Water . . 

. 

2 lbs. 
4 gls. 
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Preliminary dusting trials were also carried out at Klianewai with calcium 
cyanide and nicotine sulphate during 1933, on an area of ten acres. In 1934, 
a number of proprietory. dusts were tried at Khanewal on an area of twenty- 
three acres. The heavy cost, coupled with low mortality obtained from these 
dusts, did not encourage their further use. 

IV. Spbaying eqxjipmbnt employed 

A cart sprayer can only be used when the crop is young and has been sown * 

in lines, but when it has grown tall and is not sown in lines, it is practically 
impossible to take a machine through the field. To meet these two conditions, 
we tried two distinct types of spraying machines. The cart s|)rayers were 
represented by Hardie and Sapom sprayers, while the Orchard Power sprayer 
represented the second type. The folloAving is a brief description of various 
machines and spraying equipment employed. 



Oart sprayers 


1. Sapom sprayer (cost Rs. 900 to Rs. 1,200). — In this machine the iii- 
seeticide is forced out of five to seven nozzles, by a pair of pumps wiiich work by 
means of a gear connected with the wheels of the cart. The force of the spray 
depends directly upon the speed with which the cart is moving. As the slow^ 
motion of the bullocks was not enough to produce the pressure required for 
a proi)er spray, the number of nozzles (at Khanewal) was reduced to 5 and they 
were worked by hand. Thus five boys were employed to work with. 5 nozzles, 
each spraying one row of cotton. At Okara, four boys were employed to work 
with seven nozzles. Three boys sprayed with two nozzles each, while the 
fourth worked with a single nozzle. Spraying with two nozzles to a row gave 
better kill than with one nozzle to a row, altlioiigh comparativelj^ larger quan- 
tity of insecticide was used. The machine is useful, when the crop is not 
very bushy and trained labour is available. 

2. Hardie Pow&n^ sprayer (cost Rs. 1,100). — Tliis machine consists of a 
2 H. P. engine which pumps the insecticide thmngh tv/elve nozzles, wiiich 
spray four rows of cotton at a time. The sprayer wDrks exceedingly well, 
as the nozzles are adjustable and automatic spraying very satisfactory. With 
a pressure of 75-130 lbs., it was possible to produce a very tliorough cloud 
and siiray almost all the leaves of a plant. 

3. Orchard Power sprayer (cost Rs. 6,706).— This macliiiie con a, 36 

H. P. engine and is designed to spray tall trees. We tried to adopt it lor spray- 
ing a crop, when it had grown so tall and thick that a cart could not be takmi 

and it had to be sprayed from an engine stationed outside the field. The 
spraying outfit consisted of (u) delivery hose about 40 feet long (1 in. diameter ), 

(b) a number of light steel pipes each 15 feet long (1 in. or | in. diameter), 

(c) flexible armoured mbber joints with gunmetal screw eoupliiigs, which 
allowed the piping^ being laid on the roughest ground, (d) three-way cocks 
inserted at desired intervals, to the outlets of which were attached, (e) flexible 
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armoured hoses each 70 feet long and (/) specially designed horizontal spraying 
rods, with six nozzles. In Fig. 1, the distribution of pipes and hoses as laid 
in a cotton field and the rows of cotton sprayed by each rod are shown. One 
man, worked with one rod and sprayed three complete rows at a time. The 
rods were kept lifted up by means of a specially designed harness. To avoid 
any damage to the crop, by dragging the hoses, one additional man was em- 
ployed at each hose to keep it lifted up. 



Fig. 1. Distribution of spraying outfit in a cotton field with orchard power sprays 


Although spraying with this machine was very satisfactory, thorough 
and effective, yet its working was very cumbersome. Because of its heavy 
weight it was difficult to move the machine from place to place, particularly 
when the tank was fuU and the field soft or wet. Fm-ther, the laying 
out of the pipes and their shifting was slow and troublesome. Lealrage gener- 
ally occurred at various joints and considerable time was lost in tightening 
these. Because of the heavy petrol consumption, and the necessity of employ- 
ing two mechanics, spraying with this machine proved very expensive. 

V. Efetcacy of machinbey 

The efficiency of various machines used in these trials was determined 
by studying the following points : — 

1. Daily output of work . — The daily output of a machine mainly depends 
on its satisfactory working, speed of bullocks, efficiency of labour employed 
and the stage of the growth of the crop. At Khanewal (1933 and 1934), 
two pairs of bullocks were employed for each machine, on a contract to spray 
15 acres a day. This arrangement proved satisfactory, as the deficiency on 
any day was made good subsequently. At Okara (1933 and 1934) and Sar- 
godha (1934) bullock labour was engaged on daily basis. 
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During 1933, at Khanewal, each machine (Hardie and Sapom) sprayed 
on an average 15 acres a day. At Okara, ho-wever, because of the compara- 
tively thicker crop, the average daily output with the Orchard Power sprayer 
was only 9’ 5 acres and with the Sapom 9*9 acres. 

During 1934, an extra pair of bullocks was employed at Khanewal, during 
July, for a period of seven days and this raised the daily output of Hardie 
and Sapom to 16 acres. At Okara, the average area covered by the Orchard 
Power sprayer each day was 10 '5 acres. This increase was on account of 
new hoses and pipe connections, which reduced leakage. The average daily 
output of Sapom was 19 acres. 

2. Time factor . — The efficiency of a machine can be further judged by 
the time lost during working hours, in such operations as filling the tank, 
cleaning nozzles, and shifting the sprayer from field to field. During 1934, 
the loss of time with individual machines was as follows : — 

The average time required for spraying one acre of cotton crop at Khane- 
wal was twenty-four minutes with Sapom and twenty-six minutes with Hax'die. 
Of this period, nineteen minutes were spent in actual spraying and the rest 
in filling the tanks, etc. It was calculated that the total time lost each day, 
in charging the tanks, shifting, cleaning, etc., was 36‘4 per cent in the case 
of Hardie and 33" 1 per cent in the case of Sapom. 

At Okara, the actual time taken in .spraying one acre with Sapom 
was thirteen minutes and with the Orchard Power spraj'^er 12’ 4 minutes. 
It was estimated from these figures, that 54’ 2 per cent of the time -was lost 
in the case of Sapom and 75*4 per cent in the case of Orchard Power sprayer, 
in making preparation for spraying. The increased loss of time at this place 
in the ease of Sapom, was due to the fact that often water had to be 
carried from a distance and also because the labour engaged on this machine 
was used in lifting the pipe line, while sliifting the Orchard Power sprayer. 

3. Mortality of the pest . — ^In young cotton crop, all the machines proved 

equally effective in killing the pest, but with the growth of the crop, only the 
power sprayers yielded satisfactory results. Tlie Orchard Power .sprayer 
was found to be most efficacious because of its good, steadv pressure and 
controlled spraying of the bushes. With Rosin compound, 95’ 7 per cent of 
the adults and 93’ 9 per cent of the nymphs and pupae were killed in 1933, 
and 91 ‘9 per cent of the adults and 84 per cent ot the nymphs an<l pupae 
Avere killed in 1934. With Hardie sprayer, the maximum mortality was 
92’ 8 per cent among adults and 87’ 4 per cent among nymphs and pupae 
during 1933, and 81 * 7 per cent among adults and 75’ 6 per cent among nymph.s 
during 1934. With Sapom sprayer the mortality was comparatively low 
(Table II). ’ 
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Percenl^e mortality among adults and nymphs of B. gossypiperda M. L., 
%oiih different insecticides ai Khanewal and Ohara during 1933 and 1934 


Locality 

Insecticides tried 

Dates — 
Fortnight 
ending 

Hardie 

Sapom 

Orchard 

Power 

Sprayer 

Unsprayed 

Eemarks 

ISTym- 

phs 

and 

pupae 

Adults 

Kym- 

phs 

and 

pupae 

Adults 

Jlym- 

phs 

and 

pupae 

Adults 

iSTyinphs 

and 

pupae 

Khanewal 

Eosin compound 

15th July . 

85*0 

92'8 

67-9 

80*7 



3*6 





31st July 

87*4 

93-7 

76'0 

80*8 

... 

... 

3*6 





15th August 

83-9 

88*7 

74*4 

74*6 

... 


7-1 





31st August . 

80-6 

86-3 

64*1 

63*6 

... 


11*4 





Average 

84-4 

90-3 

70-6 

74*9 



6*4 


-1933 

Okara 

Do. 

15th July 



73*4 

75*1 

78*5 

78-6 

Eanged 












between 





31st July 



78*4 

80*2 

84*7 

85*7 

3*8 to 












11-8 





15th August 

... 

... 

84*0 

90*8 

93-9 

95-7 






31st August . 



78-7 

83*1 

85*9 

90-4 


- 




Average 



78-6 

82*3 

85-7 

87-6 

7*2 


Kliaaewal 

Do. 

15th July . 

74*5 

81-7 

69*8 

76*7 



7-2 





31st July 

75*6 

78-1 

69*7 

74*1 


... 

7-1 





^ 15th August 

70-9 

73-2 

59-9 

73*6 


... 

3*2 





31st August . 

67-6 

76-2 

52*9 

55*3 


... 

7-6 





Average 

1 7^1 

77 3 

63-0 

69*9 


... 

6*2 




Elsh-oll-soap 

15th August 

70-6 

71*2 

51-5 



... 





Tobacco decoction 

Do. 

59*1 

75-2 




... 





Kerosene oil emul- 

Do. 

64'2 

71-0 

49-2 

63*2 







sion 










^1934 

Okara 

Eosin compound . 

15th July 



71-7 

73*8 

80-5 

85-0 






31st July 

... 


79-8 

82*2 

84*0 

90-6 

2*5 





15th August 

... 

; ••• 

... 


85*0 

88-5 

6*1 





31st August . 

1 

... 


... 


82*6 

91-1 

7*9 





Average . \ ... \ ... 

75-7 

78*0 

83-0 

88-S 

5*1 




Eosin soap 

15th August 

... 

... 

... 


83-5 

89-8 





Tobacco decoction 

Do. 





71-0 

63-8 





Lime-sulphur wash 

Do. 


1 

i 

... 


C2-3 

45-1 
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4, Oommnption of insecticide.— T!he consumption of insecticide per acre 
varied with, each machine and, naturally, it also varied with the condition of 
the crop. During 1933, spraying operations were conducted from lltli 
July to 31st August, both at Khanewal and at Okara. , The Hardie and Sapom 
sprayers at Khanewal used on an average, 68 • 2 and 43* 3 gallons of insecticide 
per acre, respectively. The Sapom at Okara consumed 67* I gallons per acre, 
while the Orchard Power sprayer consumed 68*4 gallons per acre. The crop 
at Okara was relatively bushy and more severely infested. 

During 1934 the spraying operations were started a little earlier, i.e,, 
on 29th June at Okara and on 3rd July at Khanewal. The crop at the time 
was very young. The insecticide consumed by Hardie and Sapom sprayers 
at Khanewal was 51 *8 and 43*4 gallons per acre, respectively. At Okara, 
the Sapom sprayer was used till the 22nd July, after which it was shifted to 
Sargodha. The insecticide used per acre by this machine during this interval 
was only 31*5 gallons. This estimate does not represent the average of the 
season. The Orchard Power sprayer also showed lower consumption, viz., 
44*8 gallons per acre, as special care was taken to reduce leakage by using 
new pipe connections and hoses. 



5. Labour charges, fuel and petrol expenses . — During 1933, the cost of 
manual and bullock labour at Khanewal was calculated at Re. 0-4-0 per acre 
with Hardie sprayer and Re. 0-6-8 with the Sapom sprayer. At Okara, the 
cost was Re. 0-7-1 per acre with Sapom and Re. 0-10-8 with the Orchard Power 
sprayer. These expenses were reduced to Re. 0-3-11, Re. 0-4-8, Re, 0-3-8 and 
Re. 0-10-3 respectively during 1934 (Table III). 


The fuel expenses at Khanewal during 1933 were estimated at Re. 0-1-4 
per acre for Hardie and Re. 0-1-2 for Sapom. During 1934, these expenses 
were reduced by 40*7 per cent and 39*7 per cent, respectively. 


The petrol expenses per acre increased from Re. 0-2-0 with Hardie and 
Re. 0-6-5 with Orchard Power sprayer during 1933 to Re, 0-2-5 and, 
Re. 0-6-11 respectively, during 1934 (Table HI). The increase in petrol 
consumption was probably due to the machines having seen longer service. 

VI. Efficacy of insbcticides 


The eflScacy of an insecticide is judged by the mortality of the pest and 
its cost. It also depends indirectly on the spraying machine used. 

During 1933, almost the entire area w’^as sprayed with rosin compound 
except an area of 72 acres at Okara, which was sprayed wdth rosin soap. 
Both the insecticides were foimd to be equally effective in killing the pest, 
cost of rosin soap was higher. Dusting mth calcium cyanide in the 
me part of insecticide to seven parts of road dust and with iiieotine 
in the ratio of one to three gave an average mortality of 36* 2 per 

and pupae. 
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During 1934, a number of other insecticides were also tried and their 
relative cost per acre worked out (Table III). Rosin compound gave maxi- 
mum mortality with the power sprayers.. Rosin soap also gave equally 
satisfactory results. Fish-oil soap, used at Okara during first fortnight of 
August, was found to be as effective as rosin compound. Tobacco decoction 
and kerosene oil emulsion were tried at Okara in the first fortnight of August* 
The mortality in nymphs and pupae with these v/as found to be very low. 
Lime-sulphur was also tried in the second fortnight of August, but did not 
give satisfactory results. 

The cost of insecticide per acre with power sprayers, during 1933, was 
lowest for rosin compound (Table III). For rosin soap, it was 125 to 154 
per cent higher with Hardie and Sapom spra 3 ^ers, respectively. The cost of 
Fish-oil soap, Tobacco decoction and Kerosene oil emulsion, when applied 
with Hardie sprayer in 1934, was found to be 300 per cent, 74 per cent and 
71 per cent higher than rosin compound, respectively, Eosin soap, lime- 
sulphur wash and tobacco decoction, when apjelied with Orchard Power 
sprayer, also cost 162 per cent, 66 per cent and 65*5 per cent more than rosin 
compound applied with the same machine (Table III). 

Beside these, a sample of ^ Evergreen ' spray received from Kerr & Oo., 
Bombay, was given a trial over 7*5 acres at Klianewal. The insecticide 
was used in the dilution of 1 : 300 and mortality on an average worked out at 
73’ 0 per cent among nymphs and pupae and 85 per cent among adults. The 
cost of insecticide was Es. 3-3-0 per acre. 

Rosin compound proved to be the most satisfactory insecticide, both 
from point of view of insect mortality and cost. Its application against this 
pest can therefore be recommended witli confidence. 

VIL Total COST of sfbaying 

In calculating the total cost of spraying per acre, all the items of ex- 
penditure, viz,y insecticide, labour, petrol, fuel, supervision charges and 
depreciation, etc., have been taken into consideration (Table III), 

During 1933, cost of spraying per acre of cotton crop with rosin compound 
varied from Re. 1-5-iO with Sapom and Re. 1-9-10 with Hardie sprayer at 
Klianewal, to Re. 1-11-0 with Saj^om and Rs. 3-5-0 with Orchard Power spra- 
yer at Okara. With rosin soap, the cost increased to Rs. 2-5-0 and Rs. 4-5-1 
per acre with Sapom and Orchard Power sprayer, respectivety. During 1934, 
the average cost of spraying one acre of cotton crop with rosin compound at 
Klianewal was Re. 1-2-3 with Sapom and Re. 1-7-9 with Hardie, while at 
Okara, it was Re. 0-14-3 with Sapom and Rs. 2-9-9 with Orchard Power sprayer. 
It was thus reduced by 8* 1 per cent and 16*4 per cent with Hardie and Sapom, 
respectively, at Khanewal and by 21“ 1 per cent with Orchard Power sprayer 
at Okara. It is possible to reduce the cost still further by paying greater 
attention to details, such as labour, preparation of insecticide and supervision, 
etc. 


Table III . . 

Coat of Spraying mth different insecticides usirvg different types of machinery during 1933 and 1934. 
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Total 
cost of 
spray- 
ing per 
acre in- 
cluding 
all 

charges 

Bs. a. p, 

1-9-10 

1- 5-10 

1 - 11-1 

2- 5-0 

3- 5-0 

4- 5-1 

1- 7-0 

2- 14-2 

2 - 1-1 

1-15-10 

1- 2-3 

2- 4-8 

1- 9-2 

0-14-3 

2- 9-9 

3- 7-10 

2-14-7 

2-18-2 

Cost of 
spray- 
ing per 
acre 
exclud- 
ing cost 
of insec- 
ticide 

Rs. a. p. 

0-13-11 

0 - 11-8 

0-15-6 

0-14-9 

2-7-6 

2-6-7 

0 - 12-0 

0 - 11-2 

0 - 12-8 

0 - 11-10 

0-8-7 

0 - 8-8 

0-9-1 

0- 7-10 

2-0-9 

2 - 1-1 

1- 16-9 

1-14-1 

Miscel- 
laneous 
charges 
per acre 

Pico C0C0C0‘^J> 

cj O O O O tH O O O O O O O O tH tH rH tH 

g *0 06666 066666 66 6 6 '66 

pcj. 

Depre- 
ciation 
charges 
on ma- 
chinery, 
etc., 
per 
acre 

6h t> 00 00 op op cp op tH iH r-» ca CO CO co co 

6 66'^4i coco66^’T*’1'66 6 6 6 

. g 6 ' 6 6 6 ' 6 6 6 6 6 

Labour 
charges 
includ- 
ing bul- 
locks 
per acre 

6 o CO iH rH Op IP 9* Cp iH '^ Cp CO O O O 

j 6 t> i> 6 6 t CO '«!H -sH *7* 6 6 6 rH 6 6 

”6 6667[*7i^ •6 666 ^ 66'^*^6 6 

« 6 6 o , 6 6 6 

Pay of 
mecha- 
nic per 
acre 

Es. a. p. 

0 - 2-0 

0-0-4 

0-0-7 

0-0-7 

0-5-1 

0-5-1 

0 - 0-10 

0 - 0-10 

0 - 0-10 

0 - 0-10 

0-0-3 

0-0-4 

0-0-3 

0-0-3 

0-3-4 

0-3-4 

0-3-4 

0-3-4 

Cost of 
petrol 
per acre 

‘O rHr-lr-ir-f 

.fiia . . .66 

odi ‘ • .11 * ' * • to tp to to 

6 • • ‘OO oooo • • • ‘aa^A 

s 

Cost of 
fuel 
used 
per acre 

Pi-cH OiftTHCOOpup«O.CpOWpt^»ft 

,,J 1 | rHA 6 r-l 6 ij^OTHCp OO OOt OiAO 

'^6 66666 a 6 6 6 o '6 6 6 ® 6 .o 6 

s 

Cost of 
insec- 
ticide 
per acre 

1933 

Ks. a. p. 

0 - 11-11 

0 - 10-0 

0 - 11-8 

1 - 6-0 

0- 13-6 

1- 14-6 

1934 

0- 11-9 

2-3-0 

1-4-5 

1- 4-1 

0- 9-8 

1 - 12-0 

1 - 0-1 

0-6-5 

0- 9-0 

1- 6-9 

0-14-10 

0-15-1 

Total 

solution 

used 

per 

acre 

(gallons) 

00 ocso 

00 6t>i^ co6 iH • • ; * 

ift '^ lOibcOCO bS • • .'«!H . .OOtI* • • . 

Average 

daily 

output 

of 

work 

(acres) 

OCOOiOS»PvO tH 00 

lO THOS<POaC5> CO ; ; ;co ; ;OiO * r * 

Total 

area 

sprayed 

(acres) 

ift lOt-r-lHHrH I'-OOOOOOOJCMO'aCMAtH 

CdOJiftCSSiM 0'rKCOrHi>l-r-fxj< T«iOCOOI 

(O CO CM CM 00 t-- eO CO r-i 

Insecticide 

tried 

Rosin compound 

Do. 

Do. 

Rosin soap 

Rosin compound 

Rosin soap 

Rosin compound 

Fish oil soap . 

Tobacco decoction . 

Kerosene oil emulsion 

Rosin compound 

Fish oil soap . 

Kerosene oil emulsion 

Rosin compound 

Rosin compound . 

Rosin soap 

Tobacco decoction . 

Lime-sulphur wash 

Machine 

used 

V 0**,£3Pp3 V O 

S' 

1 

5 

■ § ■ i 

1 §' ■■ i 

s i s s: ■ 

M O M" O ' ' 


SPBAYING AGAINST WHITE-FLY OF COTTON 


119 


Of the three machines tried during these operations, Hardie Power sprayer 
was considered to he the most suitable machine for spraying cotton crop. 
The Sapom was ruled out on account of the low pest mortality obtained, 
while the Orchard Power spraj^er was found to be both expensive as well as 
cumbersome. 


VITI. Yield tests 

From a grower’s point of view, a control measure is worth adopting only 
if it brings increased yield sufficient to justify trouble and expenditure on the 
measure adopted. In order to judge the beneficial affects of these trials, the 
yield from sprayed and unsprayed fields at all the centres of operation, were 
collected and statistically compared (Tables IV, V and VI). 

During 1933-34, at Khanewal (Table IV) the average increase in yield 
per acre by spraying American cottons was about one maund. At Okara, 
where both American and deei cottons were sprayed, the average increase 
in yield per acre in the former type was also one maund. In area under desi 
cotton, sprayed from 11th to 30th July, the maximum increase in yield per 
acre was 2 ’22 maunds, but in the area sprayed in the end of August negative 
results were obtained. 

During 1934-36, at Khanewal (Table V) the average increase in yield 
per acre in American cotton was 1*72 maunds by single spraying and 2*07 
maunds by . double spraying. For de^si cotton an average increase of 0*42 
maund per acre was obtained. This low increase was probably due to tlie 
fact that about 25 per cent of the area w^as sprayed after 10th of August, an 
unsuitable time for spraying. The average increase in yield per acre, by spray- 
ing cotton during July was 1*56 maunds. American cotton sprayed in 
August gave an average increase of 2*03 maunds per acre. This was due to 
the fact that White-fly attack on these types was very severe in August and 
spraying was very effective. 

At Okara, a nominal increase of 0*34 maund per acre was obtained by 
spray iag American cotton and 2*0 maunds per acre by spraying desi cotton 
(Table VI). The low increase in the former type was on account of the early 
spraying (July) in Chak No. 4. The crop at this time was very young and the 
attack of the pest almost nil. Spraying the crop as early as that had no 
beneficial effect because the plants were subsequently exposed to White-fly 
attack almost to the same extent as if they had not been sprayed at all. Spray- 
ing after 15th July proved better and resulted in an increase of 0* 71 maund 
per acre. There was an increase of 0*73 maund per acre in crop sprayed 
during August. 
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Spraying the desi cotton during July proYod quite effective, yielding an 
average increase of 2 ‘10 mannds per acre. 

At Sargodha, single spraying of American cotton gave an average in- 
crease of 2 maunds per acre, while for desi cotton, there was an increase of 
0* 48 maund only per acre. This was on account of the late spra^ying of this 
type (Table VI): 

Further experiments were conducted at Sargodha, to test the efficacy 
of spra 3 nng in the following manner. In four squa res each line under ximerican 
cotton was divided lengthwise in two equal halves and in the fifth square 
it was divided across with equal number of cotton rows. Half of each 
line was sprayed and the corresponding half was left as control. Thus an 
area of 4 ‘26 acres was sprayed in five different squares. In this way, most 
of the fluctuating factors, viz,, rotations, soil variations, irrigation and date 
of sowing, etc., were to a great extent eliminated. There wns an average in- 
crease of 2*36 maunds per acre for American cotton and 2*60 maunds per 
acre for desi cotton. 

It is clear from the above data that spraying the cotton crop with Rosin 
compound is beneficial against White-fly of cotton and results in increased 
yield. But the time of spraying is an important factor. The best time for 
spraying desi cotton is July, while spraying in August is definitely harmful 
For American cotton, single spraying in August, before the crop has grown 
too bxishy, is good, but double spraying, once in July and again in August, is 
better. 

The net gain to the cultivator from the increase in yield per acre, calculat- 
ed on the basis of prices prevailing in 1933 and 1934 for American and desi 
cottons, is given in the tables for jdeld data. 

IX. Summary 

Field-scale spraying trials were conducted against B, gossypvperdaM, & L., 
a serious pest of cotton in the Punjab. A number of insecticides were tried. 

Spraying the infested crop with rosin compound gave very satisfactory 
results. The cost of spraying with different types of machinery and insecti- 
cides has been worked out. 

In all 1,873 acres of cotton crop were sprayed during 1933 and 2,460 
acres during 1934. Machines of the type of cart sprayers proved better. 
Hardie Power sprayer with, a 2 H. P. pump was found to be the most satisfac- 
tory. 

Mortality of the pest was, on the whole, greatest with Orchard Power 
sprayer. The Hardie sprayer came next. 

The cost of spraj/ing with rosin compound varied from Re. 1-2-4 per 
acre with Sapom to Re. 1-7-8 with Hardie and Rs. 2-9-9 with the Orchard 
Power sprayer. It is possible to reduce the cost still further by paying more 
attention to details. 

Spraying desi cotton in July and American cotton in August proved 
effective in increasing the yield. The net gain per acre to the cultivator Justi- 
fied expenditure on spraying. 
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lNa?RODtrcTiO]sr 

Goooinia {Oephalandra) INDIOA known in Teiugu as dondakaya 
and in Tamil as is one of the vegetable crops in the Northern 

Circars and was introduced into Coimbatore not long ago. This cucurbit 
creeper grows well in loamy red soils under irrigated conditions. The plant 
is generally raised as an annual but it can also be kept as a perennial crop for 
over three or four years. The first harvest comes in April. On an average 
there will be about fifteen pickings in a season, the maximum yield being 
obtained in April and May. The pickings are continued till September. In 
Coimbatore this fruit is subject to the attack of a Trypetid ^ — Dacus brevistylus — 
and the present paper gives information on the life-history and habits of 
this pest under South Indian conditions. 

Histoey of the pest 

Dacus brevistylus belonging to sub-family Dacinae was originally des- 
cribed by Bezzi [1908]. This species is widely distributed in Africa and 
Europe. Bezzi [1914] for the first time recorded this species from India 
on melon from Sidhout (Cuddapah District). Silvestri [1914] gave a brief 
description of the adult flies. Senior White [1924] recorded a few more locali- 
ties in India where the fly had been observed. The first record of the pest 
on Coccinia fruit is by Ramakrishna Ayyar [1936]. 

( m ) 
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DeSCEIFTION OF THE PEST 

The description of the fly by Silvestri [1914] is given below : — 

Female (Fig. 9),—*' Body more or less dark fulyous in colour ; face with two large black 
spots, and one brown spot on the peristome near the lower part of the eyes ; thorax with 
the scutum a little darker than the rest of the body^ with a median presutiiral line and 
two sub -median post-sutoal black spots, which may be more or less evident (very evident 
in the alcoholic specimens, almost invisible in those preserved dry) ; humeral calh, suture, 
pleurae opposite the sutm'e, hypopleural spot and the scutellum yellowish white or 
ochraceous. Wings similar to those of the preceding species — Dams vertehratus Bezzi. 
Scapulars in two pahs. Seventh segment 1‘5 mm.; ovipositor 1*56 mm. in length. 
Length of body 6-7 mm. ” 

Male (Fig. 8), Sides of the third abdominal segment provided with a posterior 
row of setae. Forceps of the copuiatory organ with the outer side of the lower lamina 
longer than the inner, attenuated and arcuate. ’’ 


Habits of the pest 

The time of the emergence of the adults both in the field and in the labora- 
tory was noted to be from 8 to 10 a.m. From the observations made so far 
‘ the pre-oviposition period seems to be at least four days. 

The female is very active just prior to laying eggs. It goes about over 
the fruits a number of times and selects a convenient spot for egg laying which 
is very often near the stalk. This habit probably facilitates the dropping 
of the fruits at the time the maggots are full grown and ready for pupation 
which, under normal conditions, takes place in the soil. The female, after 
selecting the spot for oviposit ion, stretches out its ovipositor, with which it 
pricks the fruit and a liquid of dry white colour oozes out of the puncture. 
The female flies off for a while, comes back and licks up the fluid collected in 
the form of a globule. Again she thrusts her ovipositor in the same place and 
moves it up and down a number of times. In one puncture as many as eight 
eggs are laid. Three such punctures have been noticed in a single fruit con- 
taining a maximum of twenty-two eggs. When the maximum number of 
eggs exceeds ten or twelve, the maggots which hatch out and feed inside the 
fruit do not get enough food, with the result that the piipie and adults re- 
sulting from these are under-sized. 

The liquid oozing out through the puncture made on the fruit for oviposi- 
tion dries up in the form of a crest, dark brown in colour. Two days after egg 
laying a small hollow is seen on the fruit at the place of oviposition, and the ad- 
joining area begins to turn soft and brown. In about four or five days the 
whole fruit turns brown by which time the maggots have completely devoured 
its contents, leaving only the shriyelled-up skin and seeds. If the maggots are 
only a few in number a portion of the fruit still remains fresh but the fruit in 
either case drops to the ground. Within a day the maggots come out of the 
fruit and enter the soil for pupation. 
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Life-history 

'■Egg {Plate FI, figs. 2 S 5). — Generally three to four eggs are laid in each 
puncture, the eggs being found adhering to the seed. The egg is about 2* 5 
mm. in length, shiny white, slightly curved, cylindrical in shape and narrow 
at one end. The incubation period varied in the laboratory from a little less 
than two days to four days between 27th September and 17th October 1935 
(eleven observations). 

Maggot . — The freshly hatched maggot (Plate VI, fig. 4) has a tapering 
head and black hook-like mouth-parts and is about the same size as the egg 
When full grown (Plate VI> fig. 5) it is 8 mm. long and 1*4 mm. broad. 
According to Silvestri [1914] the mandibular hooks of the mouth-parts are 
provided each with a pre-apical tooth and the oral lobes, which are well 
developed, have each fifteen laminate ridges. There are several dorsal spines 
on the first three post-cephalic segments and a few on the fourth and the fifth* 
Each anterior spiracle is provided with fourteen to sixteen lobes. The 
maggots when full grown drop either with the fruit or by themselves and 
pupate in the soil. In the field, though the maggots drop in one place from a 
fruit, they disperse slightly before they enter the soil for pupation. The depth 
of the soil at which they pupate varies from half to two inches depending on 
the hardness or looseness of the soil. The larval period in the laboratory was 
four to six days in October 1935 (eight observations). 

Puparium . — The puparium (Plate VI, fig. 7) is elliptical and brownish in 
colour and about 4|~ to mm, long and 2 to 2|- mm. broad. The pupal 
period was eight to ten days (nine observations). 

Longevity of flies . — ^Longevity records of female and male flies kept in 
cages and fed with honey solution show that during October, November and 
December, the maximum longevity of a male was sixty daj^s and that of a 
female forty-two days, the average for thirty flies of both sexes being twenty- 
eight days. The adult flies lived without food for three or four days only. 

Total life-cycle . — The life-history data have been summarised in Table I. 
It will be seen that the total life-cycle of the fly ranges from fifteen to 
seventeen days. The temperature and humidity at which the life-history 
of the fly was studied are given in Table II. Under Coimbatore conditions 
there are about six broods in the year. 


ords o/ Dacus brevistylus 
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Table II"; 

Temperaiure and humidity at which the life-history of Dacus brevistylus was 

studied 



September 

1935 

October 

1935 

November 

1935 

March 

1936 

Mean minimum temperature in 
shade (°F.) 

62-2 

70-9 

68-1 

70*5 

Mean maximum temperature 
in shade (°F.) . 

89*8 

87-8 

86-1 

94*1 

Mean humidity at 8 hours (per 
cent) 

69*1 

i 

78-9 

74-2 

73*4 


Otheb food plants of the pest 
The fly has been noted to breed in caj)tmty on snake-gonrd, bitter-gourd, 
cucumber and melons. From field collections of these fruits also adults have 
been reared out. 

Otheb flies beared from Cocginia fbxjits 

In addition to Dacus brevistylus found in large numbers on this fruit, 
the cucurbit fly, Dacus cucurbitae Coq., has also been reared occasionally. 

Parasites 

From fruits collected from the field for over a period of eight months, 
only half a dozen hymenopteroiis parasites of the species Opius incisi were 
collected. But it is not possible to say definitely that these are parasites of 
Dacus brevistylus, as from the infested fruit from AV'hich parasites were bred 
two specimens of Dacus cucurbitae also emerged. 

Localities in which the pest has been noted 

The fly hasibeen noted in the following places in the Madras Presidency 
Coimbatore, Koliegal, Mettuppalayam and Vellaikkiiiar in Coimbatore Dis- 
trict ; Adoni and Hagari in Bellary District ; Taliparamba in Malabar ; Tripli- 
cane (Madras) ; and Sidhout (Cuddapah District). 

Remedial measures 

, Trials of essential oils such as citronella to attract adult flies were not 
suceessfuL In the field, it is easy to distinguish the attacked fruits from the 
unattacked ones by the characteristic straw-colored, dried-up liquid on the 
former. Such attacked fruits can be hand-picked and destroyed to reduce 
further infestation. 
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A EEVIEW OF THE LITERATURE ON THE NUTRITIVE 

VALUE OF PULSES 

BY 

R. K. PAL 

Liaison Officer betvjeen Human Nutrition and Agricultural Research 
(Raeeived for publication on 13fch May 1938) 


The pulsES form Sh v6ry iiuportunt coustitucnt of tlio cliotury ull ovor 
India. For various reasons, the people as a rule, are not in the habit of takmg 
much proteins of animal origin and as such depend on vegetable proteins, 
the bulk of which comes from pulses. Until recently there has not been 
done much work on the investigation of the nutritive value of the different 
varieties of pulses that are grown in India. The Health Bulletin No. 23 
[ 1937 ] embodies the composition of different pulses and shows their nutri- 
tive value on the basis of total protein, mineral and vitamin contents. 
“ Shanghai Foods ”, special report series No. 8 [ 1937 ] of the Chinese Medical 
Association also mentions the composition of some of them, as worked out 
by the Chinese workers. But it is erroneous to assess the nutritive value 
of pulses as a source of body-building material and also for making up the 
wear and tear of tissue in the process of living, on the basis of total protein 
in them. It is equally important to know the biological value, digestibility 
and the percentage of the essential amino-acid components of the Leans. 
These problems have been studied by very few workers like, Niyogi ei^ai. 
r 1931, 1,2 ; 1932 ], Basu and his associates [ 1936; 1937 ] and Swamina- 
than [ 1937, 1,2 ] in India ; Adolph and Kiang [ 1920 ], Tso [ 1927 ], Kim 
[ 1928 i, Lo [ 1934 ], Chen [ 1930 ] and Adolph and Chiang [ 1936 ] in Chma ; 
Osborne and Mendel [ 1907, 1908 ], Sherman [ 1929 ] and HeUer [ 1927 ] 
in America; and Chick and Delf [ 1919 ], and Miller and Robins [ 1934] 
in England. 

The quantitative analytical results of workers of different countries 
differ a good deal and oven amongst Indian workers (Niyogi et al. at Bombay, 
Basu and co-workers at Dacca in Bengal and Swaminathan at Coonoor in 
South India), there is no uniformity of quantitative estimations. However, 
it is interesting to compare the results obtained in India by these workers. 
Table I shows a comparative study of the digestibility coefficient, biological 
value, and net protein value (side by side with the total protem content), 
at 10 per cent level of intake of eleven different pulses commonly used in 
India. 
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The most important protein fraction of the pulses is a globulin moity. 
Niyogi and co-workers [ 1931, 1, 2 and 1932 ] h we found out the percentage 
composition of the different amino-acids of the globulin of the pulses ex- 
pressed as per cent of protein. Table II shows the amino-acid constitution 
of common Indian pulses on a comparative basis, as analysed by Myogi 
e,tal. Basu et al. [ 1937 ] found out the amino-acid constitution of the glutelin 
factor of two of the pulses, green gram {Phaseolus radiatus) and lentils {Lens 
escuUnta) and that of the proteins of khesari {Lathyrus sativa) precipitated 
at different saturations of ammonium sulphate. These figures have been 
incorporated in Tables III and IV respectively. 


If we consider the merit of different pulses as based on the results enu- 
merated in the above tables, from different points of view, such as total 



From the tabulated list (Table V) of different pulses it is rather difficult 
to say which is the best pulse as a source of protein available for tissue building. 
If, however, we allot two marks each for biological value and digestibOity 
and one mark for each of the total protein content, net piofcein value, and 

,ne and histidine it is possible to 
to which are the best types. Table VI shows 
•esult of allotment of marlm on 


percentages of cystine, tyrosine, tryptopha 
obtain a rough indication as 
the respective merits of different pulses as a 
lines indicated above. 

Bengal gram {Gicer arietinum) and black gram {Phaseolus mungo), both 
stand first in order of merit and green gv&m {Phaseolus radiatus), lentil (hns 
escvhnta), cow pea {Vigm catjang) and soya bean {Qlycim hispida) stand 
second in the list. This finding is quite in accordance with what Niyogi, 
Narayana and Desai [1931 ] observed regarding Gicer arietinum “ that it is 
not only more digestible but its proteins are better assimilated than those of 

other pulses. Gicer arietinum appears to be the best protein food 

because of its high net protein value.” Heller [ 1927 ] also found the niung 
bean protein superior to that of many members of the beau family tliougli 
it was deficient in cystine. Tso [ 1927 ] also studied the mung bean {Pluiseol us 
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mwngo L. ?)■ and while he fonnd the proteins biologically complete, he stated 
that it was deficient in lime and sodium chloride although it was rich in vitamin 
B and had a moderate amount of vitamin A. So also Kim [ 1928 ] has shown 
that by germination the sprouted mung bean develops a high content of 
vitamin B and C. The finding of Heller [ 1927 ] that Mung hea^n is deficient 
in calcium does not find confirmation in the hands of workers at Coonoor 
[Health Bulletin^ No. 23] according to whom the mineral contents of the Bengal, 
grani'.and green gram', are almost the same, with this difference, only .that, the 
carotene (vitamin A) content of the first is much, higher th.an that.. of the 
second, whereas, vitamin B content of the latter is much higher than thatvof 
the foimer. 

According to Basu et aL [ 1936 ] green giabm {Phaseolus mnngoA) is 
superior to the lentil as a source of protein. These workers mention the bota- 
nical name Pliaseokis mungo for green gram which is a misnomer. ' The 
botanical name for green gram is Phmeolus radiatiis. However considering 
various factors as shown above it appears that green gram {Phaseolus mdiaUis) 
and lentils {Lem esmilenta) appear to be equally good. Niyogi et ah [ 1932 ] 
observe that proteins of Lens esculenta are highly digestible, while those of 
Vigna caijang have a high biological value. Adolph and Chiang [ 1935 ] 
isolated five proteins of which glutelin has a high content of cystine and the 
albumin and two globulins are high in lysine. 

Swaminathan’s [ 1937, 2 ] interesting work consisted of comparing the 
biological values of proteins of pulses combined with rice and also with rice 
and skimmed milk powder, for maintenance measured by balance sheet 
method, with that of the biological value for growth and maintenance assessed 
by growth method. These are shown in Table VII- 

According to him, of all the pulses given with raw milled rice, green gram 
is the ,best,; next comes red gram and then Bengal gram, soya bean and black' 
gram follow -in order, , of ' merit. Similarly ,green gram stands first ' in . its ; 
value for maintenance and growth when given in combination with raw 
milled rice and skimmed milk pow^der, then Bengal gram, black gram, red 
gram, and, soya bean, in spite, of the latter’s very h,igh p,rotein content. It 
is.' almost useless as a source of protein , for growth and maintenance, to the 
rice-eating people. 


3 



136 THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, I 

Regarding the mineral content, green gram (Phaseolm radiatus) .and lentil 
are almost identical so far as calcium and phosphorus are concerned, but the 
iron content of the former is four times higher than that of the latter. The 
cow gram (Vigm catjang) is very deficient in calcium, and all the more richer 
in phosphorus with a mean iron value between the first and the second. As 
to the vitamin contents, lentil is very rich, green gram moderately so and 
cow gram rather poor in vitamin A (carotene), lentil has got less amount 
of vitamin Eg than the other two, while lentil and green gram are the same 
regarding vitamin content. Taking all these facts into consideration green 
gram appears to be slightly better than the other two, because of its very 
high iron content. Lentil is comparatively better than the cow gram, in view 
of its higher vitamin A as well as B contents. 

So far as protein value of soya bean {Glycine hispida) is concerned, it 
appears to be not better than the pulses like Phaseolus radiatua, Lem esculenta 
and Vigna. catjang ^ on the other hand it is definitely inferior to Gicer arietinum^ 
and Phaseolus mungo. This is quite contrary to the findings of Osborne and 
Mendel [ 1917 ] who in their original studies concluded that the soya bean 
protein reacted Mke animal protein. But considering the high fat (19*5 per 
cent), as well as phosphorus (0*689 per cent) and iron (11*50 mgs. per cent) 
contents, its total food value is definitely much higher than that of any other 
pulse.. This food value has been further enhanced by the presence of vitamin 
Bj which is almost three times as much as vitamin Bg as dried milk powder 
and also vitamin two-thirds as much [Wan, 1932]. According to Mfiler 
[ 1936 ] /^ compared with most green vegetables it is unusually rich in good 
protein, fat, calcium, iron and phosphorus and it is a very good source of 
vitamins A, B and G.” iSTot much work has been done in India on this pulse 
which is not very commonly grown in Indian soil. The question is whether, 
in view of the above findings, extensive cultivation of this pulse should be 
advocated or not, to improve the nutrition of the people in general. Some 
of the advantages have just been mentioned but there are some disadvant- 
ages too, which may be mentioned below : — 

(1) People are not accustomed to take soya bean, 

(2) It does not possess a very agreeable taste and is therefore not 

commonly used as dhal, 

(3) The soya bean preparations require some skill and are only learnt 

with some difficulty, 

(4) Its value as a source of available protein was over-estimated. 

This has been proved so by analytical results. 

These disadvantages considerably outweigh the advantages of its value 
as a food in this country. On the other hand it appears that either Bengal 
gram or pulses of the Phaseolus which are better as a source of protein 
and are rich in mineral and vitamin contents may prove better than soya 
bean, if taken with some type of vegetable fat, It will therefore do well 
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to popularise the indigenous pulses like Bengal gram, black gram, green 
gram and lentils, than to introduce a new bean the merits of which are not 
well established. 


OoNOIiUSIONS 

(1) So far as the nutritive value of the pulses alone is concerned, Bengal 
gram (Gicer arietinum) and black gram {Phaseolus mungo) stand first in the 
list and are alike in mineral and vitamin contents. 

(2) Greem gram {Phaseolus radiatus) and lentil (Lms esculenta) come 
next in the order of merit. Cow gram {Vigna catjang), although it appears 
to be equally good, does not come to the same level as the other two crops, 
in respect of the mineral and vitamin contents. 

(3) Soya bean as a member of the second group has got a high food 
value, not as a source of available protein but because of its high fat, roineml 
and vitamin contents. So there is no special advantage in advocating 
its cultivation in preference to other indigenous pulses like Bengal gram, 
black gram, green gram and lentils. 

(4) When pulses are eaten with rice, green gram {Phaseolus radiatus) 
and red gram {Oajanus indicus) appear* to act better than Bengal gram or 
any other variety and when they are eaten with rice and milk or milk products, 
green gram {Phaseolus rad/iatus) is tdie best, the next best being Bengal gram 
{Cicer arietinum). 


SUMMABY 

Bengal gram has proved to be the best of aU the pulses. Green gram 
is also very good especially when combined with rice or rice and milk products. 
Black gram has high nutritive value as a protein. Other pulses such as 
lentil or red gram may be taken only occasionally. Introduction of soya 
bean is not necessary hi this country. 
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Table HI 


Amino-acids of the glutdin of pulses expressed as per cent of total nitrogen 
{Basu and associates, 1937) 



Green gram 
(Phaseolm 
mungo) 

Lentils 

(Lens 

esculenta) 

Arginine . • 

4.88 

1 

9.33 

Histidine ....*•*• 

6.81 

0.96 

Cystine . . * • • • * • 

1.30 

0.84 

Lysine . • • * 

4.99 

10.44 

Tyrosine ...•*•** 

3.30 

3.97 

Tryptophane . . 

0.52 

0.69 


Table IV 


Amimo<icids of the proteins of khesari (Lathyrus sativa) precipitated ai different 
saturations, expressed as the percentage of total nitrogen 
{Basu and co-workers, 1937) 


— 

Precipitated 
by 3/10 
aminoniuni 
sulphate 

Precipitated 
by 1/2 
ammonium 
sulphate 

Precipitated 

by 

ammonium 

sulphate 

Arginine . . 

• 


5.74 

3.93 

10.46 

Histidine 

* 


2.83 

1.46 

8.24 

Cystine . 

• 


0.71 

0,63 

0.25 

Lysine , 

• 


7.36 

12.83 

10.75 

Tyrosine 



3.67 

2.91 

j 3.38 

Tryptophane . 

• 

■■ • ■ ■; ■ • 

0.65 

Trace 

0.74 



Respective merits of different pulses 



Horse gram 
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Table VII 

Biological values of proteins of pulses combined with rice and also with rice and 

skimmed milk powder 


Sources of protein in the diets 
at 8 per cent level of intake 

Biological 
value for 
maintenance 
measured 
by balance 
sheet 
method 

Digestive 

coefBcient 

Biological 
value for 
growth and 
maintenance 
by 

growth 

method 

Average 
increase 
in body 
weight 

{g) 

Series 1 





Raw ’ milled rice + Skimmed 
milk powder. 

80 

89 

1-86 

12 ‘6 

Raw milled rice-|-R®d gram • 

70 

81 

1-26 

7*4 

Raw milled rice+Soya bean . 

68 

84 

D13 

6*5 

Ra-w milled rioe+Bengal gram 

66 

85 

1*21 

6*8 

Raw milled riee+Black gram. 

61 

82 

1*12 

5*9 

Raw milled rice + Green gram. 

Series 2 

59 

90 

1*29 

7*5 

Raw milled rice+Red gram 
+ Skimmed milk powder. 

90 

87 

1*49 

8*3 

i 

! 

Raw milled rice+Soya bean 
+ Skimmed milk powder. 

86 

93 

1*33 

i 7*3 

Raw milled rice+Bengal gram 
+ Skimmed milk powder. 

80 

92 

1*39 

9*9 

Raw milled rice+BIack gram 
+Skimmed milk powder. 

79 

96 

1^89 

8*3 

Raw mined rice + Green gram 
+Skiramed milk powder. 

77 

95 

2*04 

10 * 9 ' 
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NOTIEICATION No. F. 46-27/38, DATED THE 13TH 
OCTOBER 1938, OF THE GOVERNMENT OF INDIA 
IN THE DEPARTMENT OF EDUCATION, 
HEALTH AND LANDS 

The following Plant Quarantine Regulations issued by the Government 
of Ceylon under the Ceylon Plant Protection Ordinance, No. 10 of 1924, 
which came into force in that country from the 1st October, 1938, are pub- 
lished for general information : — 

The Plant Protection Ordinance, No. 10 oe 1924 

Regulation made by the Governor by virtue of the powers vested in him 
by section 9 of the Plant Protection Ordinance, No. 10 of 1924, and by Arti- 
cle 03 of the Ceylon (State Council) Order in Council, 1931. 

B. H. ALUWIHARE, 

Acting Minister for Ag^icvMure and Lands 

Colombo, July 22, 1938 


Regulation 

The regulations set forth in the Schedule to the Plant Protection Ordi- 
nance, No. 10 of 1924, as last amended by regulation pj^iblished in Gazette 
No. 8276 of March 12, 1937, are hereby further amended with effect from the 
30th day of September, 1938, by the substitution, for the regulations con- 
tained in Part I of that Schedule, of the following new regulations : — 

1. (1) No person shall import any plant into Ceylon through any port 
other than the port of Colombo or the port of Talaimannar : Provided that 
any of the following articles may be imported through any port, namely, 
onions, gingelly seed, dried turmeric, tamarind, ‘"Karanai” roots, ground 
nuts, paddy, gram, dhal and other pulses, dried chillies, curry stuffs, or other 
culinary seed. 

(2) No person shall import or land a living specimen of any insect or 
invertebrate animal not already known to exist in Ceylon without the written 
permission, previously obtained of the Director of Agriculture : Provided 
that the Director of Agriculture or the Director, Colombo Museum, may make 
such importations as may be required for scientific investigations. 

( 145 ) 
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2. Prohibitions and Restrictions. — person shall import or land — 

(а) any seed or plant of any species of Hevea grown in the Western 

Hemisphere ; 

(б) except under a permit in writing from the Director of Agriculture- 

any seed or plant or any species of Hevea grown in the Eastern 
Hemisphere . - 

(c) any tea seed, directly or indirectly, from any place in India, except 
in such quantities as may be necessary for experimental purposes 
and except under and in accordance with the terms and condi- 
tions of a permit in writing from the Director of Agriculture ; 

{d) any coconut plant ; 

(e) any coconut in husk, through any port other than the port of 
Colombo; 

(/) the seed of cotton of any species of Qossyfinm, through any port 
other than the port of Colombo ; 

{g) any seed, or unginned cotton or raw gmned cotton of any species 
of Oossy'pium grown in the Western Hemisphere, through any 
port other than the port of Colombd or from any port other 
than Bombay, or except with a certificate of fumigation or 
disinfection or both fumigation and disinfection from the Collec- 
tor of Customs at Bombay ; 

ih) except under a permit in writing from the Director of Agriculture, 
any living part of the cassava plant, Manibot utilissima. 

3. (1) No person shall import any fresh fruit into Ceylon without a 
licence issued by the Director of Agriculture, or b}-' an officer of the Depart- 
ment of Agriculture authorised in that behalf by the Director, or otherwise 
than in accordance with the terms and conditions of such licence. 

(2) No licence shall be issued for the import of fresh fruit from any coun- 
try in which the Mediterranean Fruit Fly {Ceratitis capitata) or any other 
pest of fruits which has not become established in Ceylon is known or sus- 
pected to exist unless the Director of Agriculture is satisfied that either before 
export -from such country or during transit to Ceylon the fruit is so treated 
as to ensure that such pest, in all its stages, is effectively destroyed. 

(3) Every licence issued under this regulation shall — 

(a) specify the country from which the fresh fruit may be imported ; 

(b) be valid for the period specified in the licence ; 

(c) be subject to the condition that it may be withdrawn by the Direc- 

tor of Agriculture, at any time prior to the expiry of that period 
• by written notice addressed to the holder of the licence ; 

(d) be subjeet. to 'sueh other special conditions as may be set out in 

such licence by or by the authority of the Director of Agricul- 
ture; and 
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(e) be in the form set out hereunder : — 

“ The Plant Peotection Ordinance, No. 10 oe 1924 
Licence to Import Fresh Fruit 

Under regulation 3 of the regulations set forth in Part I of the Schedule 
to the Plant Protection Ordinance, No. 10 of 1924, as amended by regulation 

published in Gazette No. of , (name) 

^ of : — ^ (place) — : — is hereby licensed 

to import the undermentioned varieties of fresh fruit from— 


This licence expires on — — 

This licence is subject to the condition that it may be withdrawn by 
Director of Agriculture at any time prior to the date set out 
above by written notice addressed to the holder of this licence. 

This licence is further subject to the special conditions set out over- 
leaf. 


(for) Director of Agriculture 


. — -(date)- ”■ 

(4) No person shall land any fresh fruit at any port other than the port 
of Colombo, and no person shall land such fruit at Colombo, unless he has 
satisfied the Principal Collector of Customs that such fruit was grown in and 
consigned from the country specified in the licence issued to that person. 

4. Inspection, Fumigation, and Disinfection. — (1) All living imported 
plants, coconuts in husk, and the seed of all species of Qossypium, shall, before 
passing out of the Customs, be examined by the Inspector in charge of the 
Colombo Fumigatorium, together with the packings, eases, pots or coverings 
in which they may be packed : Provided that this paragraph shall not apply 
to potatoes, onions, turmeric, culmary seed, edible vegetables, and the seed 
of such vegetables and the seed of any ornamental plant. 

(2) Every imported plant, which on inspection is found or suspected to 
be infected with any pest or disease, shall be subjected to fumigation or dis- 
infection, or both fumigation and disinfection, as may be deemed necessary 
by the Inspector : Provided that the Director of Agriculture, by notification 
published in the Gazette, may direct, from time to time, that all imported 
plants of any species or genus, or all plants of any specified species or 
genus imported from any specified part of the world, shall be subjected to 
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fumigation or disinfection or both fumigation and disinfection ; and after 
the publication of any such notification all consignments of the plants refer- 
red to therein shall be subjected to fumigation or disinfection or both lumi- 
gation and disiiifeetion, as the case may be. 

(3) Where fumigation or disinfection is necessary, such fumigation or 
disinfection shall be carried out at the Colombo Fumigatorium. 

(41 The Director of Agriculture may order that any plant which has been 
fumigated or disinfected shall be grown for a period of quarantine m special 
nurseries provided or approved by him for that purpose. 

(S') Every plant which is to be fumigated or disinfected under this regu- 
lation shall, after it is landed at the Customs premises, be conveyed to the 
Eumigatorium under Customs supervision at the expense of the consignee or 
his agent. 

(S') As soon as possible after the receipt of any imported plant or packa,go 
of imported plants at the Eumigatorium such plant or package 
mined by the Inspector and fumigated or disinfected or both fumigated anl 
disinfected, as the circumstances may require. 

(7) After examination and any necessary treatment, the articles shall be 
delivered to the consignee together with a certificate showing that they have 
been dealt with as required by this regulation. 

(8) No person shall remove any article from the Eumigatorium until he 
has obtained the certificate referred to in paragraph (7). 

(9) The certificate referred to in paragraph (7)_ shall not be granted until 
all fees due in respect of supervision and fumigation have been paid in such 
manner as the Principal Collector of Customs may direct. 

(10) Eumigation or disinfection shall be carried out at the risk of the 
consignee, and the consignee or his agent shall be in attendance during the 
process of unpacking the articles for inspection, fumigation, or disinfection 
and of repacking them thereafter, and shall provide the labour necessary tor 
handling the articles during such processes. 

(11) Where any plants are sent to Ceylon through the Post Office from 
a place beyond Ceylon the plants shall be conveyed to the Eumigatorium 
under the supervision of the Postal Authorities at the expense of the consignee 
or his agent and shall be examined by the Inspector and dealt with as pres- 
cribed in the foregoing paragraphs. 

(12) The consignee shall pay in respect of each plant or package con- 
veyed to the Eumigatorium — 

(<x) where it is conveyed under the supervision of the Customs Autho- 
rities, a supervision fee of Re. 1 for any period from 9 a.m. to 
4 P.M., together with a further fee calculated at the rate of 25 
cents per hour for any period between 4 p.m. and 9 p.m. ; and 
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(6) where it is conveyed under the supervision of the Postal Autho- 
rities, a supervision fee of 50 cents for any period from 9 a.m. 
to 4 P.M., together with a further fee calculated at the rate of 
25 cents per hour for any period between 4 p.m. and 9 p.m. 

(13) The consignee shall, in addition to the fee specified in paragraph (12), 
pay a fee of 25 cents per package to cover the cost of fumigation or disinfec- 
tion. 

(14) Any imjJorted plant which in the opinion of the Inspector cannot be 
cleaned by fumigation or other treatment shall, together with the packings, 
cases, pots or covering in which it may be packed, be destroj^ed at the expense 
of the consignee.” 


A LIST OF INTERNATIONAL CONGRESSES AND 
CONFERENCES TO BE HELD DURING THE 
NEXT FIVE YEARS 


Name 

Place 

Date 

Organising Body or 
the Secretary 

1. Vllth International 

Congress of Genetics. 

Edinburgh 

August 1939, 

Prof. F. A. E. Crew, 
Institute of Animal 
Genetics, Univer- 
sity of Edinburgh. 

2. Vllth International 

Botanical Congress. 

Stockholm . 

1940 . 

Dr. B. Florin, Biks- 
museum, Stockholm 
50, Sweden. 

3. Congress of the Inter- 
national Society of Soil 
Science. 

Germany , 

July 1940 

Prof. F, Schucht, 
Invahdenstrasse 42, 
Berlin N. 4. 

4. International Congress 
on Entomology. 

(Not yet decided, 
probably 
‘ Holland.) 

1941 . 

. . 

5. Imperial Entomological 
Conference. 

(Not yet decided) 

1940 or 1941 
(Not yet 

decided). 


6. Vlllth International 

Congress of Tropical 
and Sub -Tropical Agri^ 
culture. 

Tripoli . 

13th to 17th 
March 1939. 

Under the auspices of 
the Ministry of 
Italian Africa. The 
president of the 
Executive Com- 
mittee, VIII th 

International Con- 
gress of Tropical and 
Sub -Tropical Agri- 
culture, F. I. T. A., 
via Begina, Elena 
86, Borne, Italy. 

7. XYIIIth International 
Congress of Agricul- 
ture. 

Dresden (Germany) 

6- 12th June 
1939. 

Dr. F. Soiin, Berlin 
S. W. 11, Hafem 
platz 4, 



HEW VICE-PRESIDENT OF THE INTERNATIONAL 
INSTITUTE OF AORICULTURE, ROME 

The Permanent Committee of the Internationa] Institute of Agriculture 
has unanimously elected Mr. J. Clyde Marquis, Delegate of the United States 
Government, as Vice-President of the Institute in succession to Dr. J. J. L. 
van Rijn, Delegate of the Netherlands Government, whose three-year term 
of office has Just expired. 
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RECENT PUBLICATIONS OF THE IMPERIAL 
AGRICULTURAL BUREAUX 


Annual Reports of the Executive Council of the Imperial Agricultural Bureaux 
List of Agricultural Research Workers in the British Empire, 1937**' 

Obtainable from the Secretaby, Executive Council, Imperial Aobioultubal 
Bureaux, 2, Queen Anne’s Gate Buildings, London, S. W. 1, and from 
H. M. Stationery Oeeicb, London, W. C. 2 

The J ournal of Dairy Research 

Published by the Cambridge XJiiiversity Press on behalf of the Committee of Manage- 


ment. First issued in November, 1929. 

s. d. 

Volumes I to IV (each two parts) 25 0 

Single parts . . . . . . . . . . . 15 0 

Volumes V to IX (each three parts) ....... 25 0 

Single parts • . . • . . . . . . 10 0 


I. Obtainable from the Imperial Bureau op Soil Science, Rothamsted Experi- 
mental Station, Harpenden, Herts 

Soils and Fertilisers 


A comprehensive abstract journal of soil science published six times yearly. 



British 

Common- 

wealth 

Foreign 


s. d. 

$, d. 

Ordinary edition ... 

20 0 

25 0 

Special edition (printed one side only) . . . 

. 25 0 

30 0 

Both editions , . . . . . . 

. 40 0 

50 0 

Single copies, ordinary edition only . . . 

5 0 

6 0 


Discontinued Series 

The following series of multigraphed periodicals have now been incorporated in 
Soils and Fertilisers. Annual sets (some incomplete) are obtainable at the prices 
given below. 

Publications relating to Soils and Fertilisers (monthly) 1935 (8 issues) 6s.; 1936 
(10 issues) 7s. 6d. ; 1937 (10 issues) 7s. 6d. 

Monthly Letters. 1935 (10 issues) ; 1936 (12 issues) ; 1937 (11 issues) 4s. per annum. 
Recent Developments in Soil Analysis (quarterly), Complete Sets, 8s. 

» 193s Edition in preparation . 
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Occasional Papers 

Technical GommwmcaMoris — s. d, 

37. Soil Structure, by E. J. Russell . .. . . . . . 2 0 

Arimial Report for the years 1029-30 to 1937-38 . . . each 0 6 

Bibliographies — 

Bibliography on Coffee . . . • . . . . . 2 0 

Catalogue of Jom'nals and Periodicals in the Library of R-othamsted 

Experimental Station . . .... . . 20 

Special Publication — 

The Katamorphism of Igneous Rocks under Humid Tropical Conditions 

by the late Sir J. B. Harrison 5 0 

Bibliography of Soil Science, Fertilizers and General Agronomy, 1934-37 25 0 


II. Obtainable from the Imperial Bureau of Animal Health, Veterinary 
Research Laboratory, New Haw, Weybridge, Surrey 
Abstracting Journal 


The Veterinary Bulletin — s. d. 

1931. Vol. I, Quarterly (1st Number, April) . . . . .76 

Amiual subscription . . . • • • • • , 20 0 

Subsequent Volumes. Monthly ( 1st Numbeiv January ) . . . 5 0 

Annual subscription (postage paid) (Back numbers still available) . . 40 0 



Indexing Publication ■ 

Index Veterinarius. First issue April, 1933. Annual subscription (postage 
paid). VolumesItoIIImimeographed, Volume IV onwards printed 

(Vols. I““V issued quarterly. Vol. VI onward issued half yearly) 
(Back numbers still available). 

Occasional Papers 

Review series — 

No. 1. Bovine Mastitis by E.M. Peterson ..... 


HI. Obtainable from the Imperial Bureau of Animal Nutrition, 
Research Institute, Bucksburn, Aberdeen 

J ournal 

Nutrition Abstracts and Reviews. (Issued under the direction of the 
Imperial Agricultural Bureaux Council, the Medical Research Council 
and the Reid Library) 

Subscriptionper Volume of 4 numbers . . « . 

Per single number • , . , . • . . 

Occasional Papers 

Technical Gommunications — 


ROWETT 


100 


10. Table of Composition of Foods giving Energy, Value, Protein, Fat, 
Carbohydrate, Calcium, Phosphorus and Iron Content of Some 300 
Foods Commonly used in Great Britain and Compiled for Use in the 
Analysis of Dietary Surveys . . , , * • 

Occasional Gommunications — 

2. Etioloev of Endemic Goitre 


l^UBLICATIONS OF THE IMPERIAL AGRICULTUE^AL BUREAUX 


153 


IV. Obtainable ebom the Impebial Bxjbeaxt of Plant Bbeeding and Genetics 5 
Plant Breeding Institute, School of Agbicitltube, Cambridge 


Journal 


Plant Breeding Abstracts — 

Quarterly. Annual Subscription 

Single copy 

Volume I (Nos. 1, 2 and 3 out of print), No. 4 avail able 
,, II Out of print . . . . • 

„ III and IV (Nos. 1, 2 and 4 out of print), No. 3 available, each 

„ V (No, 2 out of print), Nos, 1, S, 4 available .... 

„ VI and VII (complete), each . . ... 

Numbers printed on on© side of paper 

Occasional Papers 

Indexes to Plant Breeding Abstracts — 

Subject Index to Vols. I to V of Plant Breeding Abstracts . 

Subject Index bo Vols. VI and VII of Plant Breeding Abstracts . 
Supplements to Plant Breeding Abstracts — 

Summary of Reports received from Countries exclusive of the Brltihli 
Empire, 1928-31. Supplement I 

Summary of Reports received from Stations in the British Empire, 
1932-35. Supplement II . . • • • 

Technical Communications — 

Vernalization and Phasic Development of Plants { J oint Publication 

with the Imperial Bureau of Pastures and Forage Crops) 

Bibliographical Monographs—- 

Tobacco Breeding Bibliography . • 


s d. 
*25 0 
7 6 

7 6 

7 6 

17 6 

20 0 
30 0 


5 0 
2 6 


2 6 
5 0 


10 0 
1 0 


V. Obtainable fbom the Impebial Bubeau of Pastures and Forage Crops, 
Welsh Plant Breeding Station. Agricultural Buildings, Alexandra 
Road, Aberystwyth, Wales 


Journal 

Herbage Abstracts — 

Vol. 7, 1937 (printed both sides) . • . 

Vol. 7, 1937 (printed one side only) ... 

TT 1 o -lAoo C (published xirice) . . • • • ' / 

Vol. 8, 193b I in Great Britain and British Commonwealth) 

Herbage Reviews — 

Vol. 5, 1937 . . . • 

Vol. 6, 1938 . . . • • ■ • • - 

* 20s. to suliscribera in t>he British Oommoiiwealfch. 

t A reduction of 5s. will be given when Herbage Abstracts is also ordered. 


s, d, 
15 0 
20 0 

25 0 
20 0 

10 0 
tl5 0 
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Occasional Papers 


Bulletin — 

Erosion and Soil Conservation* 


[IX, I 


5 0 


VI. OBTAINABiE SBOM THE ImPBBIAL BuBEATJ OE HobtiohetHBE AT<rn Pr A•^T 

Cbops, Bast Mallihg Reseaeoh Station, Bast 


s, d. 


,1 

1 

' 15 
1*25" 
6 


6 

6 

0 

0 

6 


Journal 

tr.-* of c™.t 

Vol.I. First issued, March, 1931. No. 2, single copy 
Vol. II. Nos. 1, 2 and 3 out of print. No. 4, single copy 

Vols. Ill to VII, each (single copy 45.) 

Vols. VIII and subsequent volumes. Annual subscription . ' 

Single copy 

Technical Gommunications 

Curative Purposes. 1938. W. A. 

Occasional Papers 

5. Prameworking of Fruit Trees. R. J. Garner and W. F. Walker 
roceedings of First Imperial Horticultural Conference, 19S0— 

^^t^PP^^ation of Science to Horticulture 1931 
^Outofprmt,butthefollowingseparatesareavJlSe;each^ . o 3 

(Dr.]l!j.MSTndW.*H.°B?ckS;tyr^^^ Sub-Tropical Crops in West Africa 

Fruit Products and Associated Problems (Professor B. T. P. Barker). 

ome Phj/siological ConAsideratioiis in Horticulture (Professoi’ V PT ‘Rio i 

A. J. pL“ U)”"'"’ “ ‘ ''™‘ PfoSootioi. in Mg.« Aro«, 

actors oa /-V 


5 0 


1 0 


d, 

0 a 


iivanaDie, each 

Factors Influencing the Storage Qualities of Fruit (Dr. T. Wallace). 

Pittman an^H.^G. Elliott)!^ BiWer-Pit Problem in Australia (W. M. Came, H. A. 

Wardlaw and^Dr'.™.*R McG^rT).°^ Banana in Storage and Transport (Dr. 0. W. 

Problems of Storage and Transport (E. A. Griffiths). 

^ ^'3-a^^:^]^oblems in Canada (R. L. Wheeler). 


or t! a~er tf'f and 

or «, i number to subscnbera in the British CommonwealHi. 


PUBLICATIONS OF THE IMPEEIAL AGRICULTURAL BUEEAUa 


165 


The Infection and Invasion of the Apple Fruit by Fungi in Relation to the Problem 
of Storage (Dr. A. S. Horne). 

Experiments on the Preservation of Citrus Fruits (Dr. W. J. Young and F. M. 
Read). 

Other PuhUcatims — 

Index to Volumes I — X of the Journal of Pomology and Horticultural Science^ 1933. 
Compiled by Bureau, published by the Editors of the Journal of Pomology and Horticul- 
tural Science. 

s. d. 

Available from the Bureau . . . • . . . . 5 0 

Old and new standpoints on senile degeneration, 1931. By A. P . 0 . Bijhouwer 0 6 


VII, Obtainable feom the Impebial Bubeaxj oe Animal Beeeding and Genetics, 
Institute OF Animal Genetics, Univebsity of Edinbubch, Kings’ Buildings, 
West Mains Road, Edinburgh 

Journal -s- d. 

Animal Breeding Abstract (quarterly) from Voi. 6 (1938) — 

Annual subscription . . . . . . . • . 25 0 

Subscribers in the British Commonwealth . . . . - . 20 0 

Earlier Vols. from 1933, Vols. I — ^V. Annual subscription . . . 15 0 

Occasional Papers 

Animal Breeding in the British Empire. A Survey of Research and Ex- 
periment, 1934 . . . . . • ... . 2 0 

Also obtainable from the Bmeau : 

The Genetics of the Horse, 1930. Reprinted from ‘ Bibliogra.phia 

Genetica* . . . . . . . . . • • d 0 

Inheritance of Productivity in Farm Stock, 1935. Reprinted from 

* Empire Journal of Experimental Agriculture ’ . . . . 0 6 

The Genetics of the Pig, 1936. Reprinted from ‘ Bibliographia Genetica ’ 2 6 


VIII, Obtainable fbom the Impebial Bubeau of Agbicultueal Parasitology 

(HELaCENTHOLOGY), INSTITUTE OF AgBICULTUBAL PABASiTOLOGY, WiNCHES 

Farm Dbive, Hatfield Road, St. Albans, Hebts 

Journal s. d. 

Bibliography of Helminthology. For the years 1930, 1931, 1932, 1933 — 

Library Edition, bound in cloth per volume . . . . . . 10 6 

Stiff paper cover only, per volume . . . . . . .80 

Helminthological Abstracts (1932 onwards). Issued in five or six parts 
per volume, each volume covering the literature published in a single 
year. Subscription per volume (payable in advance) . , . 30 0 

Complete volumes bound in cloth • . . . . . . 32 0 

[NOTE.—From Vol. HI (1934) this joiuBal incorporates the Biblioffraphy of Helminthology and is 
piihlished by the Bureau instead of by the Jornmal of Helminthology , I 

Other Publications 

(/) Helminth parasites of New Zealand. By May R. Young 19 pp. . . 4 0 

Notes and Memoranda — 

11. Recent Developments in the Control of Heteroderamarioni, 6 pp. , 1 0 
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36 
9 

20 

25- 

37 ■ 
6 
3 


0 

0 
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0 

o' 

'6 

0 

6 


PTOLIOAraONS ISSUED BY THE INSTITUTE OF ENTOMOLOGY, 41, QdbEn’S 

Gate, London, S. W. 7 o 

Bulletin of JE^itomologieal Research — 

“““ “■ K"‘»- 

Ajinual Subscription (payable in advance) . 

Subscription to cun-ent volume received after 30tb J une 
Separate parts .... 

Back Volumes~I(1910)--X (1919) 

XI (1920)— XXni (1932) 

XXIV (1933) et seq, , 

Bound Volumes (extra to above prices) 

Binding cases only 

appIicaSr*' tbepapers published in this Journal are available. pLes on 

Review of Applied Entomology — 

hiiu?iou?to A'"®’ disease or otherwise 

lajarioub to man and ammais. Issued post free. 

Series ‘ A ’ Series * B ’ 

Annual Subscription (payable in advance) . 

Subscription to current volume received after 30tli June 
Separate parts 

Aimual Subject Index (when sold separately) 

Subject Index — Vols. I III 

BaekVolume.s— Vols.I(1913)— VII, per volume ! 

Vob. VIII ( 1920)— XXII ( 1934), per volume 
VoL XXIII (1935) et seq. per volume 

Bound Volumes (extra to above prices) 

Binding cases only ... 

itei 3 “/.Sr ’ “ 

Aoologteal Record — Pari Jnsecta— 

Annual Subscription (including postage) 

Back Volumes— Vols. LII { 19 1 5)— LVH ( 1920) 

Vol. LVIII (1921) eiseq, . 

Hostage extra. 


s. 

d. 

6*. 

d. 

30 

0 

15 

0 ' 

36 

0 

18 

0 

3 

0 

i 

6 

6 
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3 

0 

5 

01- 

---XIO 

0 

15 

O' 

10 

0 

24 

0 

12 

0 

42 

0 

21 

0 

5 ' 

0 

5 

0 

3 

6 

3 

6 

ei*ies 


’) or August 


s, d, 
15 6' 
12 0 
15 0 
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Some of tlie Sections into wliich Volumes LXI — LXVII were divided are still avaiL 
able. Prices on application. 

The Biological Control of an Insect in Fiji— 

By T. H. C. Taylor. M.Sc. (Lond.). An account of the Coconut Leaf-mining Beetle 
and its Parasite Complex. Hoyal 8 vo. pp. X and 239’ with 23 plates, 2 maps and 
17 text figures. Bound in cloth. Price 12a. Postage, inland, 6d. ; abroad, lOd. 1937 . 

Report of the Fourth Imperial Entomological Conference, 19th — 27tli September, 
1935. 

Royal 8 vo. 70 pp. Paper covers. Price, 4s. Od. 1935. 

Orders may be sent direct to the Assistant Director, Imperial Institute of Entomo- 
logy, 41, Queen’s Gate, London, S. W. 7, or through a bookseller. 

Publications Obtainable ebom the Impeeial Mycological Institute, Kew, 

Subbey 

Journal 

Beview of Applied Mycology — 

s, d. 

Annual Subscription, 12 monthly parts, with title-page and index (post 


free) *30 0 

Single part • , * • • . - • • • ..30 

Title-page and index . . . . . . . . . 4 0 


Back volumes (with the exception of Vols. I, VII and VIIT, which are out of print) 
can b© supplied, postage extra. 

Occasional Publications 

Annotated Account of Fungi Received at the Imperial Mycological Institute. 

s. d. 


List I • - • . • 10 

List II, Fasc. 1 . ... . . . . , , 10 

List II, Fasc. 2 . . . . . . . . . . 2 0 

List II, Fasc. 3. General Part . . . . . . . . 1 0 

Report on the Third Imperial Mycological Conference, 1934 . * . 2 0 

Mycologists resident in the British Empire, 1938 . . . . . 1 0 


* 24«. to subscribers in the British Commonwealth, who send their subscription direct to tho Institute, 






PUBLICATIONS OF THE IMPERIAL COUNCIL 
OF AGRICULTURAL RESEARCH, INDIA 


[Prices are inclusive of packing and Indian Postage] 


1 , Agriculture and Live-stock in India 

lOAR. Z. A bi-monthly journal of agriculture and animal husbandry for the general 

reader interested in agriculture or live-stock in India or the Tropics. 
(Established 1931, Published in January, March, May, July, Septem- 
ber and November. Prepayable subscription Bs. 6 or 9^. 9d. per annum. 
Price per part Rs. 2 or Zs, 6d.). Volumes I to VIII complete are 
available. 


2 . The Indian Journal of Agricultural Science 

ICAR. 5. A bi-monthly scientific journal of agriculture and the allied sciences, mainly 

devoted to the publication of the results of original research and field 
experiments. (Established 1931. Published in February, April, June, 
August, October and December. Prepayable subscription Rs, 16 or 
245. per annum. Price per part Rs. 3 or 65. 3d.). Volumes I to VIlI 
complete are available. 


3* The Indian Journal of Veterinary Science and Animal Husbandry 

ICAR. 6, A quarterly journal for the publication of scientific matter relating to the 

health, nutrition and breeding of live-stock. (Established 1931. Pub- 
lished in March, June, September and December. Prepayable subscrip* 
tiou Rs. 6 or95. 9d. Price per part Bs. 2 or 3®. 6d.), Volumes I to 
VIII complete are available, 

4. Scientific Monographs of the Imperial Council of Agricultural Research 

ICAR. 10*1 Ho. 1. The Fungi of India. By E. J. Butler, CJ.E., D.Sc., M.B., F3.S. 

and G. R. Bisby, Ph.D. (1931), Price Rs. 6-12-0 or ll5. 

ICAR. 10 • 2 Ho. 2. Life-histories of Indian Mierolepidoplera, Second Series : Alucitidfie 

(Pterophoridae, Tortricina and Geleehiadae). By T. Bainbrigge Fletcher, 
R.H., F.L.S., F.E.S., F.Z.S. (1932). Price Rs. 3-4-0 or 65’ 6d. 

ICAR. 10 *3 Ho. 3. The Open Pan System of White-Sugar Manufacture. By R. C. Srivas- 
tava, B. Sc. (1936, 2nd Edition.) Price Rs. 3-2-0 or 65. 6d. 

ICAR. 10*4 Ho. 4. Life-histories of Indian Microlepidoptera ; Cosmopterygidse to Heopseus- 
tidse. By T. Bainbrigge Fletcher, R.H., F.L.S., F.E.S., F.Z.S. 1933). 
Price Rs. 4-8-0 or 75. 6d. 

ICAR. 10-6 Ho. 6. The Bombay Grasses. By E, J. Blatter, S.J., Ph.D., F,L.S. and C. 

McCann, F.L.S. Illustrated by R. K. Bhide. (1936). Price Rs. 20-12-0 
or 325. 6d. 

ICAR. 1O>0 Ho- f>. Helminth Parasites of the Domesticated Animals in India. By O, D. 
Bhalerao, M.Sc. (1936) Price Rs. 7-12-0 or ISs 3d. 
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ICAB. 10-7 

ICAB.10-8 

ICAB. 10-9 
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No. 7. Influence of Manures on the Wilt Disease of Oajanus indiws Spreng. 
and the Isolation of Types Besistant to the Disease. By W. MeBae’ 
M.A., D.Se. (Edin.),P.L.S. andP. J. F. Shaw.D.Se. (Lond.), A.B.C S.’ 
P.L.S. (1933). Price Bs. 2-4-0 or 4s. 3d. 

No. 8. The Silk Industry of Japan with Notes on Observations in the United 
States of America, England, Prance and Italy. By C. C. Ghosh B.A.- 
F.E.S. (1933). Price Bs. 4 or 6^. " ** 

No. 9. Mechanical Cultivation in India. A History of the Large-scale Experi- 
ments carried out by Burmah-Shell Oil Storage and Distributing 

Compaq of India, Ltd. By C. P. G. Wade. (1935). Price Bs. 3-14-0 
or OS. 6d. 



ICAB. 10-10 

ICAB. 10-11 

ICAB. 10-12 
ICAB. 10-13 


iNo.ru. ine Spotted Boll-Worms of Cotton (Banos Stoll and Eorius 
tnsulana Boiad.) in South Gujarat, Bombay Presidency. (Pinal 
report on mv^tigations financed by the Indian Central Cotton Com- 

nr’ n Q3fi! p’ • ® aad N. T. Nadkarny. 

B.Ag. (1936). Pne© Rs. 5-14-0 or 9^. 6d. ^ 

No. II. Investigations on the Course and Distribution of the Nerves supply, 
mg Levator anguli scapuli and Bhomboideus muscles and the form- 
ation of the Phrenic Nerve in the Ox, with Observations on certain 

^atomical Deviations. By H.N.Chelv8Ayyangar,G.M.V.C. (1937). 
Price Bs. 4-10-0 dr 7s. 9d. ' / 

No. 12. The Fungi of India, Supplement I. By B. B. Mundfcur. Price 
.Be. i-6-0 or 25. 3d. 

No. 1 3. Further Observations on Anatomical Deviations in the Ox and Notes 

«* E6.sa„l, 

.8 1 No. 1. List of Publications on Indian Entomology, 1930. Compiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 14 or Is. Sd 
No. 2. List of Publications on Indian Entomology, 1931. Compiled by the 
Imperial Entomologist, Pusa. (1934). Price As. 8 or lOd ^ 

No. 3. List of Pubb-cations on Indian Entomology, 1932. Compiled by the 
Imperial Entomologist, Pusa. (1934). Price As. 12 or la 3d 

hlf !nT T^”JT" ®- N“handran. 

PricfBe.LlO^OorS”?" ^034). 

No. 5. Ust of Publications on Indian Entomology, 1933. Compiled by the 
No fi r ^ Price As 9 or la 

No. 7. List of Publications on Indian Entomology, 1934 Comnilo/l k ai 
I mperial Entomologist, Pusa. (1935). Price Be. l".2-0 or L ^ ^ 

No. 8. ..elee^ Oinical Articles, Part I. By G. K. Sharma, G.P.VG and 

No 9 \ :ZTZ ’ (^936). Price As. 8 or 10d.‘ ’ 

No. 9. Statistical Methods and their Application to Agronomy • A h-W 

g-phy. Compiled by K. K.Guhaly. B.A. 


ICAB. 8-2 
ICAB. 8-3 


ICAB. 8-4 


ICAB. 8-5 
ICAB.8-6 
ICAB. 8-7 
ICAB. 8-8 
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ICAR. 8-11 

ICAR. 8«12 

ICAR. 8-13 
ICAR. 8-14 
ICAR. 8-15 


No. 11, Tables of Standard Errors of Mendelian Batios. Compiled by Swam 
Singh Purewal, M.Sc., Ph.JD. (Cornell) and P. Krishna Rao, L.Ag. 
(1936L Price As, 12 or l5. 3d. 

No. 12, List of Pablioafcions on the Botany of Indian Crops, Part II, for 
the period 1928-32, Compiled by R.D. Bose, B.Sc. (1936). Price 
Rs. 3-6-0 or 5s, 9d. 

No. 13. Two New Statistical Tables based upon Fisher’s \ By M , Vaidya-’ 
nathan, M.A. (1936). Price As. C or 8d. 

No. 14. List of Publications on Indian Entomology (1935). Compiled by 
the Imperial Entomologist, Pusa. ( 1 936). Price Re. 1 -4-0 or 2s, 

No. 16. Selected Clinical Articles, Part 11. By G. K. Sharma, G.P.V.C., 
R, L. Kaura> B.V.Sc., M.R.C.V.S., S. Ganapathy Iyer, G.M.V.C., 
G. S. Khan> B.Sc„ and M. Y. Mangrulkar, M.Sc., M.R.C.V.S., D.T.V.M. 
(Edin.) (1937). Price Re. 1-4-0 or 2^. 


ICAR. 8*10 No. 16. Indian Grazing Conditions and the Mineral Contents of some Indian 
Fodders, By P. E. Lander, M.A., D.Sc., F.I.C., I.A.S, (1937), Price 
Rs, 3-14 or 6^. 9d. 

ICAR. 8*17 No. 17. A Brief Survey of some of the Important Breeds of Cattle in India , 
By Col. Sir Arthur Giver, C.B., C.M.G., F.R.C.V.S., F.N.I. (1938). 
Price Rs. 2 or 3^. 6d, 

ICAR. 8 '18 No. 18. Milk Records of Cattle in Approved Dairy Farms in India. ByK, 
P. R. Kartha, B.A. Price Rs. 2-12-0 or 48, 6d. 

ICAR. 8*19 No. 19. A Preliminary Annotated List of tho Fruit Pests of the North-West 
Frontier Province. By Hem Singh Pnithi, M.Sc;, Ph.D, (Cantab.), 
F.N.I. and H. N. Batra, B.Sc., Assoc. I. A. R.I. Price Re. 1 or l5. 9d. 

ICAR. 8*20 No. 20. Report on an Enquiry into the Cultivation of Cloves in India. By 
A. K. Yegna Narayana Iyer, M.A., Dip. Agri, (Cantab.). Price Rs. 2-4-0 
or 35. 9d. 

ICAR. 8*21 No. 21. Investigations on the Cold Storage of Mangoes. By G. S. Cheema, 

D.Se., I.A.S., D. Y. Karmarkar, M.Sc., Ph.D., A.I.I.Sc. and B. M. 
JToshi, M.Sc. (In Press), 

ICAR. 8*22 No. 22. Report on a Village Enquiry regarding Cattle and the Produotion and 
Consumption of Milk in Seven Breeding Tracts of India, (In Press). 

ICAR. 8-23 No. 23. The Cold Storage of Fruits and Vegetables. By G. S. Cheema, D.Sc., 
I.A.S. and D. V. Karmarkar, M.Sc., Ph.D., A.IXSc. Price As. 10 
or l5. 

ICAR. 8*24 No. 24, A Brief Survey of some of the Important Breeds of Cattle in India, 
PartIL By Col. Sir Arthur Giver, O.B., O.M.G., P.R.C.V.S., F.N.I. 
{In Press.) 

ICAR. 8*26 No. 26, The Nutritive Values of Indian Cattle Foods and the Feeding of 
Animals. By K. C. Sen, D.Sc. Price As. 7 or Bd, 

ICAR. 8*26 No. 26. The Progress of Agricultural Science in India during the Past 
Twenty-five Years. By W. Burns, CJ.E., D.Sc. (Edin.). {In Press.) 

ICAR. 8 *27 No. 27. Definition of Characteristics of Seven Breeds of Cattle of All-Ihda 
Importance. (In Press). 

ICAR* 8*28. No. 28, Bibliography of Soil Erosion, Part I. Indian Section, by R, M, 
Gorrie. (In Press.) 

ICAR. 8*29, No, 29. Report on the Prospects of Cinchona Cultivation in Indie, by A- 
Wilson, M. A., B.Sc., I. A. S. and T. J. Mirchaadani, M.So., Ph. D. 
(In Press.) 
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ICAR. 12 -31 
ICAR. 12-32 
ICAR. 12 -33 
ICAR. 12 -34 
ICAR. 12-35 
iCAR. 12-36 
ICAR, 12-37 
ICAR. 12-38 


Annna) Report of the Imperial Cooneil of Agricaltaral Research 

Annual Report of the Imperial Council of Agricultural Research for the 
years 1929-30 and 1930-31. Price As. 12 or Is. 3d. 

Annual Report of the Imperial Council of Agricultural Research for the year 

1931- 32. Price As. 6 or 8d, 

Annual Beport of the Imperial Council of Agricultural Research for the year 

1932- 33. Price As. 6 or (Out of stock.) 

Annual Report of the Imperial Council of Agricultural Research for the year 

1933- 34. Price Re. 1-8-0 or 2s» 

Annual Report of the Imperial Council of Agricultural Rosearchfor the year 

1934- 35, Price Re. 1 or Is. 9d. « yea 

Annual Report of the Imperial Council of Agricultural Research for the y ear 
1936-36. Price As, 14 or la, 

Annual Report of the Imperial Council of Agrienltmal Research for the year 
1936-37. Price Re. 1-2-0 or 2a. ^ 

Annual Report of the Imperial Council of Agricultural Research for the 
year 1937-38. Price As. 12 or Is. 



7 . Agricnltnre and Animal Husbandry in India (called Review of Agricultural 
Operations iu India up to 1933) 

ICAR. 9-29 Review of Agricultural Operations in India, 1928-29. Price Rs. 3-2-0 o 
5s» 6d, (Out of stock.) 

Review of Agricultural Operations in India, 1929-31. Price Rs. 6 or 8s. 3d. 

Review of Agricultural Operations in India, 1931-33. Price Rs. 6-12-0 o: 
9a* 6<?. 

Agriculture and Animal Husbandry in India, 1 933-34 and 1 934-36 

Part I — Crop Production. Price Rs. 4-14-0 or 8.s*. 

Part II — Animal Husbandry. Price Re. 1 or la. 9d. 

Agriculture and Animal Husbandry in India, 1936-36. Price Rs 4 -JO o' 
7«. 9d, 

8. Proceedings of the Board of Agricnltnre and Animal Hnsbandry 

ICAR. 2 Proceedings of the First Meeting of the Animal Husbandry- Wing of the Board 

of Agriculture and Animal Husbandly held at New Delhifrom the 20th 
_ *0*1^6 23rd February 1933, with Appendices. Price Rs. 5-14-0 or 9s. 6d. 

ICAR. 2-2 Proceedings of the Second Meeting of the Animal Husbandry Wing of the 

Madras 

14th to the 16th December 1936, with Appendices. Price Rs. 3-10-0 
or 6^. 3d, 

ICAR. 3 Proceedirrgs of the First Meeting of the Crops andSoils Wing of the Board 6f 

Agriculture and Animal Husbandry i n India held at Delhi from the 25th 

February to the 2nd March 1935, with Appendices. Price Rs. 6 or 9^?. 9c?. 

9. Catalogne of Indian Insects 

The following parts have been issued : 

Inti' li ■ ! * (Tett^da,). By T. Bainbrigge Fletcher. 1921. Price As. U. 

ICAR. 11*2 Cuhcidse. By R. Senior- White. 1923. Price Re. 1-10. 

ICAR. 11*3 Bombyliidag, Bv R. Senior lOOO i A O 


ICAR. 9-31 
ICAR. 9-33 


ICAK. 13*1-35 
ICAR. 13 •2*36 
ICAR. 13-36 
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ICAR. 11 •4 
TCAR. 11*5 
ICAR. 11*6 
ICAR. 11*7 
ICAR; 11*8 
ICAR. 11-9 
ICAR. 11-10 
ICAR. 11-11 
ICAR. 1M2 
ICAR. 11*13 

ICAR. 11-14 
ICAR. 11-15 
ICAR. 11-16 
ICAR. 11*17 
ICAR. 11*18 
ICAR. 11-19 
ICAR. 11*20 

ICAR. 11*21 
ICAR. 11*22 

ICAR. 11*23 


Trypetidoe (Trypaneidge). By R. Senior-White. 1924. Price As. 8. 
Nitiduiidaa. By S. N. Chatterjee. 1924. Price As. 10. 

Staphylinidse. By M, Cameron. 1925. Price Re. 1-14. 

Lasiocampidas. By T. Bainbrigge Fletcher. 1925. Price As. 12. 

Amatidse (Syntomidgc). By T. Bainbrigge Fletcher. 1925. Price As. 12. 
Zyga^nidse. By T. Bainbrigge Fletcher. 1925. Price Re. i-5, 

Stephanidse. By G. R. Dntt. 1925. Price Re. 1-2. 

Brenthidss. By Richard Kleine. 1926. Price Re. i-2, 

Tabanidse. By R. Senior- White. 1927. Price Re. 1-12. 

Cicindelidaa. By Mercia Hoynes-Wood and Cedrio Dover. 1928. Prlc© 
Rs. 2-8. 

Palpieornia. By A. d’Orchymoat, 1928. Price Rs. 2-8. 

Ceeidomyidac. By R. Senior- White. 1928. Price As. 7. 

Cosmopterygidse. By T. Bainbrigge Fletcher. 1928. Price As. iO. 
Yponomeutid^. By T. Bainbrigge Fletcher. 1928. Price As, 8. 

Carabidse. By H. E. Andrewes. 1931. Price Rs. 8-10. 

Gyrinoidea. By Georg Ochs. 1930. Price As. 12. 

Aincitidse (Pteropboridae). By T. Bainbrigge Eletcher. 1931. Price 
Rs. 1-6. 

Lycidse. By R. Kleine, 1931. Price Re. 1-2. 

Phaloniadse and Chlidanotidse. By T. Bainbrigge Fletcher. 1931. Price 
As. 6. 

Chalcidoidea. By M. S. Mani, M.A. (Res.), 1937. Price Rs. 3-2 or 5s, Qd, 

10. Miscellaneous 




VRI. 1 A Description of the Imperial Institute of Veterinary Research, Muktesar, 

and its Sub -station, the Imperial Vetei-inary Serum Institute, Izatnagar^. 
By F. Ware, F.R.O.V.S., I.V.S. Price Re. 1-4-0 or 25. 
art. 7,187 The Production of Cigarette Tobacco by Flue-curing. By F. J. F. Shaw, C J.E ., 
D,So., A.R.C.S., F.L.S. and Kashi Ram. Imp. Inst, Agri. Bes., Pusa^ 
RwZLNo. 187. Reprinted (1935). Price Re. 1 or la. 9d. 

ICAR. 16 A Handbook of Statistics for use in Plant Breeding and Agricult ui al Prcblems. 

By F. J. F. Shaw, C.I.B.,D.Sc., A.R.C.S., F.L.S. Price Rs. 4-6-0 or 
75. 3d. 

ICAR. 7 Report on the Work of the Imperial Council of Agricultural Besearcb in 

Applying Science to Crop Production in India- By Sir John Russell, 
D.Sc., F.R.S. Price Re. 1-14-0 or 35, 3d. 

ICAR, 18 Report on the Development of the Cattle and Dairy Industries of India. By 

Norman C, Wright, M.A., D.Sc., Ph.D. Price Re, 1-8-0 or 25. 6d. 

Copies of the above publications can be had from the Manager of Publications, Civil Lines, 
Delhi and from, any of the Agents, a list of whom will be found on the inside page 
of the front cover. Prices are inclusive of packing and Indian postage. 

Purchasers not residing in Asia should apply to the High Commissioner for India, 
India House, Aldwych, London. 

No^6,-—When indenting please give only the symbol preceding the name of the publi- 
cation. 



Imperial Council of Agricultural Researdi 
Instructions to Authors* 


1. All manuscripts should be clean, clear and carefully revised. Only one 
side of the paper should be used. The original type-written copy and not a 
carbon copy should be sent. Capitals should be sparingly used, and all the 
necessary punctuations should be done in the MS. and not left over for 
introduction in proofs. Particular attention should be devoted to the follow- 
ing points : — 

2. Spelling. — Errors creep into typescript and are apt to be missed in a 
cursory reading. The scientific names of plants and insects require special 
attention. The combinations ‘ upto ’ and ‘ uptil ’ are incorrect and should 
not be used. 

3. Use qf capitals.— (See also paragraphs 12 and 13). A simple rule is 
to avoid these except when they mmt be used. At present manuscripts 
require a good deal of correction, usually in the elimination of unnecessary 
capitals. 

4. Punci'mtion. — K simple rule to follow is ‘ when in doubt, pimctuate ’. 
Most manuscripts suffer more from lack of commas than from their presence, 

5. Referees have repeatedly drawn attention to various other faults some 
of which are as follows — 

(i) Careless arrangement of tabular matter, 

(ii) Unnecessarily voluminous appendices, 

(iii) Diffuseness in the text. 

6. It ought to be kept in mind that research work is judged largely on 
the clearness of the published account. The reduction of a large amount of 
research data to a clear and readable paper cannot be accomplished at the first 
writing. In the first draft the author is generally arrangmg his own material 
and ideas and is writing or dictating with a view to get down every thing in 
some kind of order and with no eye either to the best disposition of the material 
or the clearest statement of the results. A second write-up is absolutely es- 
.sential and in some cases it is worthwliile doing a third. The result will 
justify the labour spent. 

7. The title of a paper should not be lengthy. 

♦Spare copies of these Instructions can be had on application to the Secretary, 
imperial Council of Agricultural Research (Publication Section), New Delhi. 
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8. It is desirable that MS. should have suitable heads and sub-heads. 
In numbering the principal divisions of a paper, Boman numerals should 
be used. The use of Arabic figures and (a), (b), (c), etc., is generally reserved 
for numbering the sub-divisions coming under each head. 

9. Articles submitted for publication either in the Indian Journal of Agri- 
cultural Science or in the Indian Journal of Veterinary Science and Animal 
Husbandry should be accompanied by abstracts for publication in Agriculture 
and Live-stoch in India. Abstracts should be concise, but should be long 
enough to explain the matter dealt with; ordinarily no abstract should 
exceed 200 words. 

10. When a word or line is intended to be printed in italics it should be 
underlined with a single line, in small capitals with two lines, in CAPITALS 
with three lines, and when in antique (heavy type) with a wavy line 

11. In descriptive matter, numbers under 100 and all numbers occurring 
at the beginning of a sentence should be in words. 

12. Local names for crops, technical operations, etc., should be defined 
where they first occur in the text, e.g., rabi (spring crop). The use of local 
weights and measures should be avoided as far as possible. Vernacular names, 
such as govoar, bajri, should be in italics without a capital letter, and each 
such name where it first occurs should be followed by its scientific equivalent 
in brackets^ e.g^., jowar (Andropogon SorgMm). It is usual to write the initial 
letters of varietal names in capitals, e.g., Striped Mauritius, Dharwar-American 
cotton and Broach cotton. 

13. Botanical and zoological names are printed in itahcs and should be 
underlined.in the MS., e.g., Triticum vulgare L. ; Diflodia GorcTiori Syd. ; Pyrilla 
aberrans Kirby. The International Buies of Botanical Nomenclature and the 
International Buies of Zoological Nomenclature should be followed. The 
names of chemical substances should not be written with a capital letter. 

14. The following and similar abbreviations may be used freely — viz., 
e.g., i.e., mm. (millimetre), cm. (centimetre), grm. (gramme), mg. (miihgramme), 
c.c. (cubic centimetre), sp. gr. (specific gravity), lb. (pound), cwt. (hundred- 
weight), in. (inch), ft. (foot), oz. (ounce), md. (maund), sr. (seer). Other 
abbreviations shorild be used sparingly, if at aU. 

15. Beferences to plates should be given within brackets, without prefix- 
ing the word “ see ” or “ cf.” in the MS. itself, and should not be left over 
for introduction in proofs. For example, “ The parasite (Plate X, fig. 4) was 
present late in 1906”. 

16. The word “ Table ” is preferable to “ Statement ”, and tables should 
be numbered consecutively in Boman figures. Each table should have an 
explanation as a sub-head. It is more convenient for reference if tables can 
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be printed borizontaUy ; for this purpose they should not exceed in width the 
printing measure of the page (5 in.). Example — 

Table IV 


Results of water-saving experiments on wheat (Pusa 12) at Gungapur^ Haripur 

and Sargodha, 1916-17 


Station 

No. of 

1 irrigations 
including the 
preliminary 
watering 

Yield per acre in 
maunds and seers 

1 Average yield per acre 

1 

Grain 

Straw 

1 

Grain 

Straw 



Mds. Srs. 

Mds, Srs. 

Mds. Srs. 

Mds. Srs. 

Gungapur 

One 

12 19J 

20 10 

1 


Haripur . 

pf 

8 31 

19 14 

S 9 34 

21 17 

Sargodba . 

99 

8 m 

25 27J 

J 



17. References to literature, arranged alphabetically according to authors®' 
names, should be placed at the end of the article, the various references to» 
each author being arranged chronologically. Each reference should contain 
the name of the author (with initials), the year of publication, the abbreviated 
title of the publication, volume and page. In the text, the reference should 
be indicated by the author’s name, followed by the year of publication enclosed 
in brackets ; when the author’s name occurs in the text, the year of publication 
only need be given in brackets. If reference is made to several articles 
published by one author in a single year, these should be numbered in sequence 
and the number quoted after year both in the text and in the collected refer- 
ences. This system of referencing is the same as is used in the Biochemical 
Journal with slight modification and will be clear from the following illustra- 
tion : — 

The work of Osborne and Mendel [ 1919, 1,2] and Steenbock and Bout- 
weU [ 1919 ] had indicated an association of the fat-soluble vitamin 
with the green parts of plants. This view was examined by Coward 
and Drummond [ 1921 ] who reported that vitamin A was not syn* 
thesised by etiolated shoots but that green leaves were active in its 
formation. Another worker [Wilson, 1922], on the other hand, 
found that etiolated shoots if given in sufficient quantity could supply 
the fat-soluble vitamin and that this factor w^as therefore formed 
in the absence of light. 
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Beperences 

I. Introduction 

Amongst tlie fungi there is probably no single genus ■which causes more 
ha'V'oc in cultivated crops than the genus F'USdHum. In India two or three 
highly important diseases due to species of Fusarium are known. Amongst 
these, m ost work has been done on the wilt diseases of cotton and pigeon-pea, 
especially as regards the search for resistant varieties. It may be anticipated 
that in time similar work will be done on resistance in the case of other diseases 
due to Fusarium. 

There is one point -which has to be kept clearly in mind before any attempts 
are made at testing varieties of crops for resistance to disease. It is qu.te 
futile for any worker to set out to look for resistance unless he first has a 
good understanding whether there exist several species aL Fusarium, and 
possibly several forms of a species, capable of attacking different groups of 
varieties of the host. There are cases known in India where more than one 
distinct species of Fusarhim is capable of causing a disease. Thus for instance, 
it will be seen later that dry rot of potatoes {Solarium tuberosum) may be due 
to Fusarium oxysporum, F. coeruleum, F. javanicum v. radicicola, and F. 
trichothecioides and that at least two Ftisaria are concerned with a disease of 
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pigeon-pea (Oajanus cajan—0. indictts). Experiments at Delhi have 
indicated that several other Ftisarium diseases of crop plants are similarly 
complicated. 

It therefore becomes a primary concern of the plant pathologist first of 
all to learn the species of Fusarium with which he is working, and if possible 
to study even the physiologic forms, before he commences on elaborate system 
of testing varieties for resistance. 

The best way to study such a complicated genus as Fusarium is to have 
workers making a special study of the genus at large, and not restrict them to 
one single species. With the object of opening the way for such a study the 
occurrence of the genus in India known to date is reviewed here. 

II. Species ebcoeded in India 

The species recorded in India have been listed in Table 1. In arranging 
the groups within the table the authority used is Wollenweber and Reinking 
[1935]. The groups are listed in column 1 in the same order as W’’oIlenweber 
and Reinking have used in their key, and in column 2 the fungi are listed ac- 
cording to the names now used by those workers. In column 3 are the names 
given by the authors, to whom reference is made in column 7. Columns 4, 6 
and 6 give the habitat, locality, and type of disease, if any. 

At the present time only six of Wollenweber and Reinking’s sixteen 
groups are represented, though five of the six sub-groups of Elegans and Dis- 
color are found. Only fifteen of the known sixty-five species have so far been 
recorded, or if varieties and forms are included, two dozen out of the known 
twelve dozen. Not all these fungi have definitely been related to diseases, 
the diseases established by experiment as being due to Fusaria in India being 
as foUows ; — 

Top-rot of sugarcane 
Eoot-rot of rice 

/ 

Eruit-rot of oranges ,• 

Dry-rot of potato tubers 
Eoot-rot of pigeon-pea 
Wilt of flax 
Wilt of plantain 
Wilt of pigeon-pea 
Wilt of cotton 
Wilt of til 
Wilt of sann-hemp 
Wilt of potatpeg 


Species of Eusariiim recorded in India 
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In addition, one or two other diseases, snch as wilt of tobacco, head- 
blight of wheat and fruit spotting of citrus, may reasonably be expected 'to 
have been caused by the species of Fusarium isolated.. 

Thus it is seen that seven out of the twelve definitely established Fusarmm 
diseases in India are wilt diseases. Six of these seven wilts are caused l)y 
representatives of the group Elegans. 

If we consider for a moment the names given by the authors and compare 
them with names finally adopted bj?' WoUenweber and Reinking [1935] we are 
struck by the number of changes that have been made. In spite of the fact 
that most of the work has been done fairly recently, out of the twenty-four 
species, varieties and fonns mentioned above, thirteen names have been 
changed by Wollenweber and Reinking. This means that Wollenweber and 
Reinking have considered these names, which have been given first by w’'orkers 
elsewhere, to be merely synonyms of other species of Fusarmm. 

In addition to the above there have been reports of unidentified species 
of Fusarium in India- iSTarasimhan [1929] described a species of Fusarium 
which causes wilt of gram {Cicer arietimim) but unfortunately his description 
is not sufficiently detailed for identification purposes. Uppal, Patel and 
Kamat [19:35] report speoies of Fusarium on Arachis hypogaea, Cicer arietinum 
and Lathyrus satims in Bombay Presidency. Mitter and Tandon [1930] 
report unidentified species of Fusarium at' Allahabad on Capparis sepiara^ 
Cassia obtusifolia, Artocarpus integrifoUa, Sorghum vulgare, Cucurhita moschata^ 
and Pennisetum- typlioideum. 

* ■ Mitra [1931] lias reported isolations of Fusarmm from cinchona. McRae 
[1924] obtained twelve isolates of Fusarium from wilted plants of gram {Cicer 
arietinum) but repeated attempts to infect gram with these isolates met with 
failure [Mitra, 1925], 

III. Difficulties in the way of identification 

-It has-already been, pointed out. that it is fundamentally, essential to get 
correct identifications. This is needed for the guidance of the plant patholo- 
gist himself and for those who read his published work. If the importance of 
this is hot realised from the changes in names shown in Table I, it will at any 
rate be obvious from an example which will be discussed here and which gives 
some indication of the, types of difficulties met with and some clues as to how^ 
these difficulties may be overcome. 

In the yearT91t) affcHr*a'Thorough investigation -of the wiR^^ 
pigeoii-'-peeb {Gajanus cajan ^'C. indictis) Butler [1910] described a fungus 
which he called Fusarium %idum mdi which caused wilt. The name was 
given, as he said, without prejudice to the question wiiether or not it had been 
previously described under a different name. Later he [Butler, 1926] reached 
the conclusion that it could not be distinguished from Fusariumi vasinfecimn, 
which attacks also cotton and sesamum. In fact he w^as of the opinion that it 
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could perhaps not be distinguished even from F. oxyspomm v\ cubeme {=F: 
cubense), a previously described species of the Section Elegans. Meanwhile a 
large amount of work was being done by McRae and Shaw, which was pub- 
lished as a monograph in 1933 [McRae and Shaw, 1933] on resistance of pigeon* 
.pea to F . vasinfectum. Mitra [1934] worked on the Fusarium vasinfectum 
attacking sann-hemp and .concluded that it could attack also pigeon-pea but 
not cotton. Uppal and Kulkarni [1937] however failed to repeat, the 
findings of Mitra in that the 3 ^ found that F. vasinfecttim from sann-herop 
could not infect pigeon-pea or vice versa thou^x they could infect their own 
hosts heavily. These authors raised an objection to the method used by Mitra 
of inoculating with wilted material of sann-hemp or pigeon-pea of the previous 
year’s growth. 

WoUenweber [1938] published results of experiments in which he 
isolated from pigeon-pea material sent by Butler from Pusa in 1905 yet another 
parasitic Fusarium, which causes not a true wilt but a foot-rot and which he 
called F, lateritnim v. uncinatum. He isolated the fungus in 1911 not from 
vascular tissue but from very small sporodochia typically present on the in- 
fected roots and stem base of the plants. He again listed F. udum Butl. under 
its old name and not under the name F. vasinfectum. 

When all these published results are considered two things now become 
clear : — 

1. It is possible that several species of Fusarium may be found associated 
with a wilted crop like pigeon-pea. 

2, The differences between isolates several of which may cause wilt of a 
crop and all of which may be regarded as belonging to one species may show 
a considerable range of variation in both morphological characters and ability 
to cause infection, and it is highly important to study this question. 

With regard to the first point it is clear that the mere isolation of a 
wilt-causing organism, and its proof as a cause of wilt by laboratory experi- 
ments, must not lead to a hasty conclusion that it is the organism com- 
monly attributed to the disease or the only one which is concerned. That 
can only be determined by a careful study of the fungus. 

The second point reuses the whole question of the value of different char 
acters used in identification of species of Fusarium d^xA it will be pertinent 
here to consider the general trend of thought on the species concept in relation 
to mycologieal taxonomy and Fusarium in particular. The identification of 
species of Fusarium today is based on a mass of data acquired by a number of 
workers during the past forty years. This work has been brought together 
in a book by WoUenweber and Reinking [1935]. These workers use in their 
classification morphological and physiological characters more or less indis- 
criminately, though tending to stress the morphological, after growing on 
^ standard' media prepared from plant products. Such characters as size 
and shape of spores are given somewhat more weight than colour of the stroma 
and discoloration of medium and similar characters. Some workers have 
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revolted against this system . Thus Hansford [1925], for instance, speaking of 
the Section Elegans concluded that the present classification of the section 
is useless and that our present conception of a species of Fusarium must 
he revised and broadened.” He was of the opinion that the size of macroco- 
nidia, the presence of sporodochia, the colour of mycelium, substratum and 
gporodochia, and the presence and colour of sclerotia, were highly variable and 
of little value for classifieatory pmposes. He preferred to regard aU. the fungi 
which he studied in the Section Elegans as strains of a single species. His 
views were supported by Butler [1929], who, enlarging on the case of Fusarium 
msinfectum, wrote as follows : — 

In Egypt, Fahmy (according to letters received from Mm) has under 
study three strains of cotton-wilt producing fungi of the F. msinfecUim type : 
one from America which mostly attacks American varieties; one from India 
restricted to Indian cottons; and one from Egypt chiefly on the Egyptian. 
Morphological differences between the three strains are very slight, but there 
are cultural differences. If specialization of parasitism is the guide, there 
would seem to be as good reason for giving specific rank to the Indian strain, 
wMch refuses to attack the Egpytian cottons, as to most other species in the 
Elegans Section, but what is to be done with the Egyptian strain which some 
times attacks the Indian varieties ? ” Again he says of the value of host resist- 
ance as compared with morphologic characters for species delimitation, '' Hosts 
that are resistant under one set of conditions may become susceptible under an- 
other. Even a variation of temperature may sometimes break down resistance 
to infection as shown at Madison and elsewhere, and it must not be forgotten 
that for a parasite the host plant constitutes a large part of its environment. ” 
In concluding he says, If we admit that there is no such thing in nature as a 
pure, invariable, homogeneous species, that habit can modify the forms of a 
species so long as it endures, that morphological characters are less readily 
modified by the environment than physiological, and that convenience is often 
the best guide where to draw the line between different species, we may get 
some degree of guidance as to which of the tendencies defined above may best 
be followed. We will be led, I think, on the whole to prefer the morphological 
basis of classification and only in special cases to stress biological differences 

The opinions of Butler were expressed at the International Congress of 
Plant Sciences held at Ithaca in 1926. The remarks were provoked partly by 
those workers, including Gaiimami studying Peronospora, who were tending 
to create large numbers of new species based on host relations. His views were 
those of most speakers on the subject at the conference. For instance, Shear 
[1929, 1] based his main criticism of parasitism as a means of species delimi- 
tation on the grounds that it is rather readil^'" acquired by fungi and that 
parasites and saprophytes frequently occur in the same genus. '' For practical 
purposes therefore it appears necessary to use the term species for groups of 
individuals which can be separated by recognizable morphological characters, 
admitting that in many cases these groups are somewhat arbitrarily establisb- 
ed and that there are intergrading forms with other species This, it is 
presumed, meets with the requirement wMch he expressed in another paper 
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[Shear ; 1929, 2] that The essential purpose and function of nomenclaturej 
as I understand it, is to provide a reasonably stable, convenient, uniform and 
accurate means of designating groups of living organisms Cunningham 
[1929] complains that the complicated nature of the technic involved in the 
delimitation of species by cultural characters would lead (and has led) to 
this work being hmited to a few specialists, a defect that woidd become more 
serious as time passes. The case of the genus Fusarnm is picked out by him 
as the horrible example — “For, thanks to those few pathologists who have 
worked with this genus, it is in such, a chaotic condition that the writer believes 
few mycologists or pathologists would undertake the delimitation of any species 
placed therein ’h He believes that the solution lies in more precise mono- 
graphing of species of genera occurring in any one region, describing and 
arranging the species according to morphological characters. 

Stakman [1923] considers that physiologic characters are of equal value 
with morphological ones in delimiting species. In his experience with 
Puccinia graminis he found the physiological character of host specialization 
quite as fixed and stable as any morphological characteristic. He pointed 
out that most of the work done on bridging hosts was invalidated by the fact 
that the workers used mixed physiologic forms, so that the so-called bridging 
host phenomenon can no longer be held up as proof of the instability of host 
reactions. “ If we are seeking the ultimate truth regarding fungi, surely we 
ought to accept it in plant behaviour as well as in plant structure He 
emphasised the importance, however, of using a pure line of the host. 

Important contributions have recently come from Michigan, and their 
revolutionary ideas need careful consideration. Coons and Strong [1931] 
worked out a system of identifpng a large number of Fmaria by their reaction 
to certain aniline dyes and copper compounds in artificial culture media. The 
important characteristics used after growing the cultures on the standard media 
were colours of mycelium, breadth of mycelial mat, changes in colours of 
medium, type of edge of the colony, and growth form. There were two 
colours of mycelium, red and white (a third has since been added, brown) ; 
various sizes of the colony ; four categories under change in medium colour ; 
three types of colony edge ; and nine Afferent ' growth forms ’ of mycelium. 
Based on these differences a key for the large number oi Fusaria studied was 
prepared. According to these workers there was a “ striking parallelism in the 
independent classification of the cultures by a Fusarium specialist (Sherbakoff) 
and the dye reactions”. Hansford [1926], Brown [1928], Mitter [1929] and 
others had criticised the present basis of classification of Fusaria on grounds 
of high variability within the ' species and Coons and Strong said “ If the 
assignment, as done by Sherbakoff, of members of the Elegans Section into 
species were unreliable, to take only this section as an example, and resulted 
in divergent forms such as F. cubense and F. oxyspomm, and others of the 
Elegans Section being ^ not satisfactorily divided up ’ as Hansford states 
is the true situation when present methods of classification are attempted, it 
would seem that contradictions in the dye response would have been inevit- 
able 
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With this pubMcation, then, there did not seem to be much doubt about 
the point of view of the Michigan workers. Whatever they might do in the 
way of providing a simple key by which workers in the genus ^ might readily 
get a clue as to "the identity of the organisms they were working with, they' 
considered that on the whole the views of Sherbakoff on classification, and 
therefore inconsequence those of WoUenweber and others to wdiose school 
Sherbakoff belonged, -were acceptable and that the fears of Hansford, 
Brown, Mitter, Butler and others were unfounded. What was wanted was 
not a new classification, but a short-cut to identification. Names of species 
would presumably remain unaltered. 

The second paper from Michigan, that by Nelson, Coons and Cochran 
[1937] dashes to the ground any hopes, to which the fii’st paper might have 
given birth, that the present classification was to be stabilised. No longer is 
the old system upheld. In fact, '' it is extremely doubtful if this system is 
workable when applied to the separation of pathogenic and saprophytic 
Fusaria in the sub-section Orthocera Hansford’s views, previous^ rejected, 
are now thrown into the front line of attack, for he is stated to have shown that 
Fusarium cubense is extremely variable morphologically and to have criticised 
sharply the elaborate system of classification in use. It is not mentioned 
whether Brown and Mitter are brought back into favour in like manner, but the 
admission of the unreliability of morphological characters w^ould presuppose 
this. Ftisarium orthoceras var. apii Wall and Rg. is no more. Fusarium 
apii and F. a'pii var. paUidim now rise up, distinguished by their host rela- 
tionships. 

We read The authors believe that the celerypathogenes differ sufficiently 
from other members of the Orthocera group to constitute a new species. TJie 
most important differential character is the distinct host relationship and it is 
chiefly on this basis that the segregation is made Yet of the two varieties 
it is said Because of their morphological similarities, these pathogenes are 
best considered as belonging to one species These two statements clearty 
mean.— 

1. That these tAvo fungi arc species separate from all other species of 
Fusarium because of their host reaction. 

2. That although in their host reactions the two fungi are soiiieAvhat 
different, they belong to the same species because tlie,y are morphologically 
alike ! 

Such is the present state of confusion in the genus Fusarium, It is 
fashionable to point out the wretched genus as one of the Hack sheep in a bad 
family. It is fashionable to demonstrate hoAV variable is the genus Fusarium, 
and to criticise Wollenweber’s classification, yet his help in identification is 
keenly sought. For after all he has reduced 1100 or so Fusaria to the very 
modest total of 144 including varieties or forms, he has prepared a syuiony my, 
and the pathologist and mycologist alike are eternally grateful. 
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cotton wilt in India. The delimitation of species on the basis of host reaction 
demands the use of a pure line of the host and a definition of the conditions — 
probably an impossibility. 

One can only conclnde that in the end it will be necessary to base specific 
ranlc upon characters easily recognizable under standardized conditions avail- 
able in all moderately equipped mycological laboratories. This precludes 
the use of host relationships, which must be given a rank lower than species. 
In the meantime practical problems have to be solved and until something 
better arises, there seems nothing for it but to try to stick to WoHenweber’s 
system. Inadequate though it may be, there is nothing better. The creation 
of new specific names at least should be done with the greatest caution until 
an acceptable alternative is constructed. 


JV. SUMMABY 

(1) A primary consideration in selecting varieties of crops resistant to 
diseases caused by species of Fnsariuni is the determination of the organism 
or organisms responsible. 

(2) The species of Fuaarium recorded in India are listed. Twenty-four 
species or varieties are found belonging to six groups. Twelve diseases have 
been definitely proved to be caused by Fusarium and seven 6f these are vfilt 
diseases. Six of these seven wilts are caused by Fusarium species of the 
Section Elegans. 

(3) The importance of correct identification, and some of the reasons 
why this is difficult, is brought out by consideration of the case of the Fusarium 
species attacking pigeon-pea {Cajanus cajan), cotton {Qossypmm spp.), til 
(Sesamnm indicum) and saiin-hemp {Crotalaria juncea)^ 

(4) The value of physiologic characters such as host relationships in tiie 
species concept is discussed with sjjecial reference to Fuaarmm. 

(5) It should be the ultimate aim to improve the classification of tlie 
genus Fusafiwm but in the meantime it is desirable to accept that of Wollen 
weber and his associates, creating as few new species as possible, and avoiding 
the use of any new biological characters, such as host reaction, for species 
delimitation. 
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Eeperbnces 

I. lNTRODXJCTIO]Sr 

The most common colour in anthers of Indian types of cliiUies is either 
blue orpmplewith occasional streaks or patches of" yellow. The intensity 
and extent of colour may, howeyer, vary in different types. ^ 

'T T “A wa^, being studied it was observed 
ttiat the purple or blue anthers were associated with purplish nodes and the 
yeUow anthers with green nodes. Though the originaHde? wls to study 

.°f ™ anther, complete observations on a part of the 

being available, 

Lnlhfr . 1 T® ?" facts regarding the relationships between 

anther colour and colour m petal and node. ^ 


1938 


' Paper read at the Silver JubUee Sessio^'the Indian Science Congress, Jamrary, 
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xs = 3*39 ; P between 0*1 and 0*05. The fit is fair. 


Anther and node colour frequencies in relation to petal colour 


Anthers and nodes pnrple Anthers yellow, i 
nodes green | 


Petal pttrple I Petal wlnte Petal white 


Total observed 


Total expected on 9 : 3 : 4 basis i 111 * 6 


49*6 I 198*4 


X*:=:10*4; P less than 0*01 


II. Experimental EESFLTS 


T tTE INDIAN JOURNAL OF AGRICULTUIIAL SCliNOE 


[IX li 


Total 


41? 

747 


660-25 i 186-76 


747 


Cross T 3 xT 11 A 


T 3 has bitiish purple anthers, purple petals and purple nodes and T 11 A 
has yellow anthers, White petals and green nodes. In Fi, the anthers and 
nodes were light purple and the petals partially purple, i.e., white with purple 
streaks. In F 2 , a good deal of variation was observed in these characters, 
and particularly in the anther colour, suggesting that they were controlled 
by more than one factor. The plants with coloured anthers, whatever the 
intensity or extent of colour, had invariably purple nodes. The petal colour, 
however, segregated independently. The following frequencies were 
observed in F 2 


Purple anthers 
and purple nodes 
(various grades) 


Yellow anthers 
and green nodes 


T 3 X T llA 


T11AXT3 * 
Total observed * 


Total expected on 3 : 1 basis 


STUDIES IN INDIAN CHILLIES, NO. 5 


ISf 


The fit is bad. The bad fit and the absence of cultures breeding pure 
for ‘ white petals and purple anthers and nodes’ in F3 necessitated the exa- 
mination in detail of the segregations in the thirteen I’3 cultures behaying like 
Fj. The segregations and the values of are given below 


Fg culture No. 

Anthers 

puri 

Petal 

purple 

and nodes 
)le 

Petal 

white 

Anthers 
yellow, 
nodes green 

Petal 

white 

Total 


1 


. 

25 

4 

5 

34 

4-14 

2 . 


* • 

27 

3 

16 

46 

5*30 

1—18 


* * 

32 

4 

6 

42 

^^'Sl 

1—25 


• • 

29 

4 

7 

40 

4*40 

1—45 


• • 

27 

4 

8 

39 

2*98 

1—55' 



22 

5 • 

12 

39 

1*24 

1—76 


* ■ • 

31 

5 

9 

45 

3-13 

1—142 . 


• » 

30 

4 

S 

42 : 

3*30 

1—205 . 


• • 

26 j 

3 

10 

39 

4*23 

2—23 



26 


13 

44 

2*12 

2—98 



1 

28 1 

4 

8 

40 

3*07 

2—106 . 

• 

. 

■ 

4 

: 7 ■ 

39 

3*95 

2—113 . 

• 

• 

26 1 

j 

5 

5 

36 

3*87 


Total . 

357 

54 

114 

625 

Very high 


‘ P ’ being higher than 0‘ 05 in all cases except in culture Ho. 1^18, the fits 
are good. The fit for the total of all the cultures is very poor. This is due to 
the phenotype ‘ white petals, purple anthers and nodes ’ being consistently 
deficient. 

The striking thing about these segregations is that in all the thirteen 
families the phenotype ‘ white petals and purple anthers and nodes’ is deficient. 

0 8 
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This points out that some lethal factor is operating which also may be res- 
ponsible for the absence of cultures breeding pure for ‘ white petals and purple 
anthers and nodes 


In F3 the various cultures showed the following behaviour : — 





f 

1 

j Frequencies 

Ho. of cultures in F 3 and nature 
of parent plant in F 2 

F 3 behaviour 

1 

1 Formulae 

I 

i 

i Ob- 
serv- 
ed 

Ex- 

pect. 

ed 

11 cultures from plants with 
deep purple petals, anthers 
and nodes 

Pure 

. 

; SSAABB 
! SSAABb 

1 SSAAbb 

11 

11 

27 cultures from plan s with 
petals, anthers, and nodes 
like Fi in colour 

Petals, an- 
thers and 

j nodes purple 

White petals, 
anthers and 
nodes purple. 

SSAaBB 

SSAaBb 

j 

3 

6*75 


! 3 

1 





Petals, an- 
thers and 

nodes purple. 

3 

White petals, 
yellow an- 
thers and 

green nodes. 

1 

1 ■ ; 

i SsAABB 

1 SsAABb 

1 

6-75 


LikeF 2 

, 

■ 

. 

SsAaBB 

SsAaBb 

13 

f 

13 -60 

11 cultures from plants with 
white petals, and purple an- 
thers and nodes 

Pure 

White petals, 
and purple 
anthers and 
nodes 

f 

White petals, 
and yellow 
anthers and 1 
green nodes | 

SSaaBB 
SsaaBB 
SsaaBb i 

0 

li 

1 

■ f 

3*66 

7-32 


3 ; 

1 ' . 1 


' . 1 


7 cultiires from plants with 
white petals, yellow anthers 
and green nodes 

Pure 

f 

1 

1 

■! 

sswBB i 
SsaaBb | 
ssaabb 1 

1 - 

1 

1 

7 


The results are fairly satisfactory. The absence of cultures breeding 
pure for white petals with purple anthers and nodes may be due to the combi- 
patioiij homozygous S and B, being lethal &s has been pointed out pariier. 
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STUDIES IN INDIAN CHILLIES, NO. 6 


Cross T 29 xT 11 A 


n A cross studied in this connection was beWeen Types 29 and 

II A. Both the parents have white petals, and there is thus no'segresation 
for petal colour. T 29 has purple colour in nodes and anthers, but the anthers 
are neither so completely nor so deeply purple as in T 3. The vellow colour 
shows itself at places, particularly towards the base. T 1 lA has yellow anthers 
and green nodes. In Fj the anthers were yellow with light purple tips. 
1 he nodes were light purple. In Fa no plant ivith yellow anthers (lilceT llA) 
and purple nodes, or vtcs versa, was observed. The following were the observed 
frequencies in Fg : — 



Anthers and 
nodes purple 
like 

T 29 

Anthers and 
nodes purple 
Kke 

Anthers yel- 
low and nodes 
green like 

T llA 

^ Total 

1 

I 

Total observed 

157 

298 

177 

632 

Total expected on 1 : 2 ; 1 basis 

158 

316 

158 

632 


^^2—3.30 . p between 0-2 and O'l. The fit is good. 
In Fj the following segregations were observed : — 


No. of cultures in Fg and nature 
of parent plant in Fa 

Segregations 

Formulae 

Frequencies 

Observed 

Expected 

6 cultures from plants with an- 
thers and nodes like Type 29 

Pure . 

SSaabb 

6 

6 

9 cultures from plants with 
anthers and nodes like F^ ■ . 

Like Fg 

Ssaabb 

9 

9 

1 culture from plants with 
yellow anthers and green 
nodes (T 11 A) 

Pure . 

ssaabb 

1 

1 


The F3 results are in agreement with the Fg observations. The recessive 
nature of yellow^ anthers and green nodes having been established in the first 
cross, only one Fg plant like Type llA was carried to the F^. 
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la order to explain the foregoing results it is neeesary to assume that : — 

S=a factor for the production of purple colour in the plant except in 
petals. It also converts yellow anthers to yellowish purple and 
green nodes to purple. When S is absent, no purple colour will 
manifest itself even when other colour factors are present. 

A=a factor which produces purple colour in petals if S is present, 
i.e., S and A are complementary for colom in petals. 

B=a factor which intensifies purple colour in the presence of A. 

The factorial constitution of the parents and the Fj’s is as follows : — 

Types AABBSS 

Type 29 aabbSS 

TypellA aabbss 

T 3 X llA,Fi AaBbSs 

T 29xiiA,Fj aabbSs 


IV. Application of theoby to observed besiilts 


With regard to the colour in anthers, petals and nodes in the cro.ss, Type 
SxTjTpe llA, since Type 3 is homozygous for the presence of S, A, and B, 
and Type llA lacks all these, the Fj is heterozygous for all the three factors 
and has purple petals, anthers, and nodes. In F^ the segregation of these 
three factors should result as follows ; — 


Pr. petals, anthers 
and nodes 


White petals, pr, 
anthers and nodes 


Wliite petals, yellow anthers and 
green nodes. 


This is actually obsen^ed in Pg (P^g^ 

Considering the plants with purple anthers and nodes 
yellow anthers and green nodes, a 3 ; 1 ratio is expected 
inP*. 


STUDIES IN INDIAN CHILLIES, NO. 5 jgj 

Phenotypes with their F, behaviour are 

Genotypes of 27 SAB 

1 SSAABB . . ■] Behaviour in p, 

2 SSAABb . petals, anthers and nodes. 

2 SSAaHB . ,S SesTftO'fl.f.A — i , , 


4 SSAaBb 
2 SSAABB 

4 SsAABb 
4 SsAaBB 


^ |Breed pure for deep purple petals, anthers and nodes. 

J- pu4>le antherf’^d no*^s! nodes : 1 white petals, 

: 1 White petals. 

•1 

^Like Fg. 


8 SSAaBb . 

Genotypes of 9 SaB 

1 SSaaBB ') 

2 SSaaBb . . I and purple anthers and nodes. 

and ^ien nSt ^ IhewSk ^ the^b ^ yeUow anthers 

coloul- in plant S, the basic factor for production of purple 

withpurpllaftoIS“odX'2dAsS%L^^^^^^^ 

agree with the theory. & J aa nt in Fg, the observed results 

follows “A. ‘lie segregation of S should result as 

f 

’ ^ : 1 
Ijiko T 29 TilrA TT 

This is reslised (page 189). likeTllA 

In Fo the parental types should breed true anrl fii A i •» 

segregate like F,. This also is realized (Page mf. ^ 

V. Discussion- 

ll>p"uYrr«e^vetler^^^^ 

tha?^^l respectively, and that the purple^coioSr in anth?r and 

that in the node are determined by the same factor S ^ 

the attl:rtnrLl^S':“';i‘t^ paif^e colour in 

thst the two parents differ £ n.ore 


M.-/ i 

i'!.- 
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appearance of plants with white petals and purple anthers and nodes in F, 
sulcrested further complications in their inheritance. The precise nature of 
thrmode of inheritance of these characters became^ dear only during the 
course of the Fg study. On referrmg back to the h 2 Lata and examining 
the relation of anther and node colour to petal colour, it was observed that 
at least three factors were concerned in determining the colom’ m 
anthers, and nodes in this cross. It was then for the first' time observed that 
a factor, termed S, was necessary for producing purple colour in any plant 

organ in addition to the- other colour factors. 

The study of the inheritance of the anther ana node coloui in the cross, 
T 29 X T llA, was simple, the results showing a monohj biici segiegation. 
The only factor in which the parents differ in this cross is S, which is both 

the basic factor for purple colour and the factor for colour ii.i aiitiieis and nodes. 

In this connection a reference to the results oi the otoss T 3 X T 29, 
so far as they refer to the colom in anthers and noaes [ 3 Jeshpmicle, 1933 ], 
seems necessary. The parents have been already described Ihe was 
practically like the F, of T 3 x T HA, that is, piuple (partially tor pecals, 
Lhers aiid nodes. In ¥, the T 29 foim^ot petals, anthers and nodes was 
recovered as the recessive (one-fourth oi the total Fg population). This 
phenotype was similar to the phenotype with white petals, puipie <uttheis 
and nodes realized as three-sixteenths of the Fg population in the cross 13 x 
T 1 1 A in the present study. Moreover the F 2 plants segregating in 1 3 into 
‘ Hants with purple anthers and nodes’ and ‘ plants with yellow anthers and 
green nodes ’ resembled the Fj of the cross T 28 x T HA. Thus a relation- 
ship in these three crosses so far as the colour in petals, anthers and nodes 
is concerned, has been traced. 

On the evidence fmnished by the results of the present investigations, 
necessary modifications have been made in the genetic tormulae previously 
proposed for types 3 and 29 [ Feshpande, 1933 ]. The original results, how- 
ever, are not affected by this modification. 

VI. Summary 

1. It is observed that the manifestation of purple colour in any organ 
in the plant is dependent upon the presence of a factor, S. 

2. YeUow anthers of T HA are recessive to the yellowish purjiie anthers 
29 and to deep purple anthers of T 3 on a 1 : 3 ratio. 

3. Segregation of anther and node colour in relation to petal colour was 
found to be on a 36 : 12 : 16 trihybrid ratio. 

4. The factor S determines the pm’ple colour both in anthons and nodes. 
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STUDIES ON QUALITY IN RICE 
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It IS well known that starches of different cereals are generally distino-uisli- 
ab e from one another by the size, shape and optical properties of their Pranules. 
It has been shown that they may also be differentiated by their uneqnal re,sis- 
tance towards amylolytic enzymes and in possessing different liquefaction or 
gelatinisation temperatures. Among the numerous publications showing the 
differential effects of amylases upon starches from various sources sudi ss 
wheat, barley, maize, rice, potato, etc., mention may be made of the researches 
of Stone [1896], O’Sullivan [1904], Wollf and Fernbach 11907], Hammerstein 
[1908], Remitzer [1909], Lang [1910], Nagao [1911], Pauletig [1917] 
Welzmuller [1921], Giri [1935], and. others. The digestibility of the starch 
from any particular source would also naturally depend on its method of 
preparation, extent of disintegration, etc., although very little systematic work 
would appear to have been done on this subject. 

Rice IS particularly rich in starch and there are a very large number of 
varieties in existence. Although in experiments on the digestibilities of the 
starches of rice varieties, the differences to be looked for would not be so 
marked as those found by experimenters who have compared starches from 
very different sources, it may yet be probable that the ease of digestion 
of the carbohydrate and protein constituents in rice may vary vdth different 
varieties. Indeed, in practice, there is a general preference exercised* by a 
large section of the consumers for the finer and wdiite varieties of rice com- 
pared to the so-called coarser types. Fmther, there is a belief that polished 
rice is more easily digested than unpolished rice ; parboiled rice is also generaily 
considered to be more sustaining than raw rice. Scientific stqdy in regard to 
the digestibility of rice varieties has, however, been wanting. " . 

In two recent communications, Basu and co-workers [1936, 1936] have 
studied the digestibility by taka-diastase, ptyaJin and pancreas-amylase of the 
stare!', es of different varieties of Bengal rice ' subj ected to different treatments. 
The present inquiry, which was commenced before the publication of these 
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papers, relates to the action, by salivary and pancreatic amylases, on different 
varieties of rice (mostly grown in south India), unpolished as well as polished 
to varving degrees, the action of bran and of bran constituents and, tlie effect 

of parboiling on the digestibility of starch. 


Experimental 

Materials 

Rice Different pure strains, most of them grown in the Agri- 

cultural Research Stations of the Madras Presidency, were used for the stu- 
dies. Detailed chemical examination of the varieties have been reported in a 
previous publication [Sadasivan and Sreenivasan, 1938], Husking, polishing 
to different degrees and parboiling were all done in the manner outlined in an 
earlier paper [Sreenivasan et al., 1938]. 

Enzymes . — Human saliva, diluted with an equal volume of water was 
used as the source of ptyalin while, a 0 • 5 per cent .solution of try]), sin ( Pfau.steil), 
which contains amylase, was employed as the som-ce of the pa-ucreatic am\ la.se. 
The enzyme solutions were centrifuged and filtered before luse. ^Vhen not iji 
u.se, they were pre, served with toluene in an ice chest. Tlie activitio.s f»i' 
enzyme preparations used in the following .studies were not flic same through- 
out although, for each particular series of experiments, the same iweniirations 
were employed. 

Jfei/ioih— Some prehininary experiments were first carried rad .studying 
the action of the enzymes on whole grains of I'ice cooked according 1 o usual 
procedure. Difficulty was experienced in obtaining honicgeueotts samples 
for estimation from the reaction mixture and higlily discorclant rosulis were 
being obtained. Accordingly, samples of the different varieties of shelled rice 
were powdered and passed through .sixty-mesh .sieve; requisite Cjuantitie.s 
were then treated vith a little water, boiled for about five minutes and then 
autoclaved for thuty minutes at lo lbs. pressure. It was thereby ensured that 
the different samples were gelatinised completely and under comjiarable eon- 
ditions. The autoclaved samples were finally made up to a. known -volume so 
as to yield in ail cases a final suspension of one per cent starch concentration, 
the starch in the flours being previously estimated according to A. 0. A. 0. 
[1930]. - ; ■ 

The reaction-mixture consisted of 20 c. c. of phosphate buffer havisig a 
pH of 6-8, 50 c. c. of starch or rice flour .suspension, one c. c. of normal sodium 
chloride solution and 27 c. e. of water. The mixture was placed in a thermo- 
stat at 35+0 - 1°C. and, when the contents of the flask had acc|uired the tem- 
perature of the bath, 2 c. c. of the enzyme solution was added, ihu.s making .i 
total volume of 100 c. c. Aliquots (usually 20 c.c.) of the rvaetion nu.xtui'c 
were removed immediately after addition of the enzjmic and at iittiival.s of 
five, ten, and fifteen minutes and the reducing sugars astimated by the met In id 
of Willstatter and Schudel [1918], The results wore expressed in terms of 
mg. of maltose in the total volume of the reaction mixture. 


STUDIES ON QUALITY IN EICE III 

^ l95 

Effect of polishing on the digestibility of raw rice 

diffeSrcrif ortf“ ™ to 

specimens by salnmry and pancreatic amylases^werTLi^-^*^ • PoHshed 

outbned above (Tables la and B). were studied m the manner 

Table la 

— fa ■%e.ta.-By of „„ 

Variety Adtll ( Variety GEB 24 ll 


Variety Co 9 


I 

j Mg. maltose 
Degree of formed at end 
polishing of (mins.) 

(per cent) _ 


Degree of 
polishing 
(per cent) 


Mg. maltose | 
fo^edatendj 33 ^ 

of (nuns.) I 

^ ^ 1 (percent) 


I Mg. maltose 
formed at end 
of (mins.) 


Dnpolished . 
6 

10 

16 

22 

28 


155 206 j 227 j 
185 227 244 
202 248 260 
218 2601277 
202 218 j 269 
1189 218 239 




235 I 319 i 328 
! 262 332 j 340 
265 363 I 374 
2521 336 i 361 
260 I 331 1 361 


6 ! 10 16 


244 1328 344 
252 I 336 361 
239 ‘ 332 349 
235; 328 367 


Table Id 

Degree of polishing in relation to digestibility of ^ 
Variety Adt ll ll Variety GEB 24 


yaw nee by pancreatic amylase 
j Variety Co 9 


I Mg. maltose Mo- I 

Degi-eeof formed at end | Degree of formed at Mg. maltose 

polishing of (mins.) polishin" ^ (minsT^ Degree of formed at end 

(percent) (pe7eS Polishing of (mins.) 

I I j I ' I f ^ 1 (percent) 

1 ® i 10 15 i ml',- ‘1 

I i ll i i 5 10 15 


mi 

6 

1 

j 122 

j 

'l97 

227 

mi 

134 

231 

248 j 

3 

10 

! 147 


1 

6 

16 

j 143 

227 1 

252 j 

9 

22 

! 126 

189 

210 

13 

28 . 

126 j 

197 I 

1 

239 

17 


176 269 302 
186 281 315 
197 286 316 
206 281 266 
197 266 281 
210 290 316 


181 260 311 
197 281 328 
176 269 315 
172 248 290 
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It may be obsei-ved that, in all the varieties, the digestibility increases 
with polishing, the extent of such increase being different with different varie - 
ties. With a very high degree of polishing, there appears, however, to be a, 
slight diminution in the extent of hydrolysis in all the cases. It is probable 
that, as pointed out later, this is due to the increased viscosity of the cooked 
rice flour. 

More or less similar results are obtained with both the amylases. In vie^r 
of tins and the fact that it was rather difficult to obtain the salivary amylase 
with nearly the same activity, further studies were carried out -witli the trypsin 
preparation alone. 

Ejfect of polishing on the digestibility of parboiled rice 

Parboiled rice prepared from tw-o of the varieties (Adt 11 and t'o 9) 
of paddy was pohshed to three different degrees and the hydrol_\'si.s by ti y jjsiu- 
amylase of the different samples was followed as before (Tal lie 1 i ). 

Table II 


Degree of polishing in relation to digestibility of parboiled rice by pancreatic 

amylase 


Degree of 
polishing 
(per cent) 

Variety Adt 1 1 

i Variety Co 9 

Mg. maltose formed at the end 
of (mins.) 

Mg. maltose forintai at the I'iid 
o,f (iruns.) 

5 

10 

1 

5 

1 10 ' 

15 

Nil 

111 

183 

221 

145 

200 ; 

247 

4 

124 

205 

252 

149 

1 ■ 2i7 ‘ 

232 

10 

136 

213 

260 

1 158' 

i 

; 226 

260 

■ 15 ' 

146 J 

205 i 

247 

■ 149 

1 ‘ 

i 

. 273 


The results show that, as in raw' specimens of lice, tlu? extent uf 
of the nce starch increases mth increased polishing while with a higli degree of 
polishing, there is a slight diminution in hydro]ysi.s. 


Comparative digestibilities of raw and ■parboiled rkrs 

In Table III are given the results of comparative dige.slibilities oi'raw an<l 
parboiled rices from the same varieties (Adt 11 and Co 9). lunmlished as well 
as pohshed to equal extents (10 per cent). 
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Table III 

Digestibility of raw and parboiled rices 


Variety Adt 11 


Variety Co 9 


Description j Mg. maltos^rmed at the Mg. maltose fbrmed at the 

I end of (mms.) end of (mins.) 


1 

10 

15 

5 

I 

1 

16 

Raw, unpolished . 

■I >« 

209 

247 

158 

226 

i 

235 

Parboiled, unpolished 

. 1 145 

! 

222 

269 

175 

i 

217 

256 

Raw,^ polished . 

. I 171 

239 

273 

217 

294 j 

320 

Parboiled, polished 

171 

230 

264 

209 

290 

337 


1 polished specimens, both raw and parboiled riceTaxT^o^ed't o 

about the smne extent while with the unpolished specimens pSbSed 
hydrolysed to a slightly greater extent than the raw on? thTdierence s 

rigiriV^f f mentioned here that Basu and co-workers 

^ reported that parboiling increases the rate of digestion of rice 

staich in both unpohshed and polished specimens. 

Viscosity of cooked rice flour 

The changes in viscosity of cooked rice flour from raw and parboiled sneci 

usinrth?®’ iphshed, were followed in an Ostwfid liscosimeter 

suspensions that were employed for the above enzymic studies 

Table IV 

ill viscosity o% ’2^olis]ii7ig 


Adt 11 — raw rice 

Degree of polishing (per cent) . 0 6 10 16 2‘> 

imie of flow in viscosimeter 26 

L ' ■ ^22-0 124-5 126-0 129-6 136-0 138-5 


Co 9 — ^j3arboiled rice 


Degree of poIis^Jiing (per -cent) 
'Time of flow in viseosinietei 
(.secs.) 


' : * * ' iio o , 119-6 I 126*0 1 129*5 

Ihe changes in viscosity as a result of parboilmg were also studied (TabteV) 
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Table V 


Effect of parboiling on viscosity of cooked flour 


Variety 

Raw — unpolished 

Parboiled — 
unpolished 

j 

Raw — polished j 
10 per cent | 

! 



Parboiled — 
polished. 

10 per cent 



Time of flow i 

in sees. " { 


Co 9 

127-5 

115*3 

136*0 1 

126*5 

Adt 11 

122-0 

112*5 

126*0 1 

liS*3 


It may be seen from Tables IV and V that with both and parljoilec! 
specimens, the viscosity increases steadily with increased polisliing. Parboil- 
ing decreases the viscosity of cooked rice flour from nnpolislied as v ell as 
polished rice ; this may be due to the partial dextrinisation of starch during 
parboiling. 

It has been observed in earlier experiments (Tables I and I!) tlint the 
enzymic digestibility of starch in rice increases with polislnng. iSince visco.sify 
also increases with polishing and since starch hydrolysis is known to decreaso 
with mcreased viscosity of the suspension, it would follow tl)at the eficci of 
polishing on the enzymic digestibility will be even more pronouneed than ha.s 
been indicated in these experiments. The .slower rate of l!> (lrolt>i.s (tbi.<,T\ ('d 
with a very high degree of polislnng may be due to the marked incrt'ase in 
viscosity in these cases. 

Digestibility of cooked rice grains 

It is believed that parboiled rice is more sustaining than i’u^v rice, it i.s 
generally consumed only by the labouring class of peojtle and by t!i,.sc vifl, 
pdantary occupation. Enzjnnic hydi'otysis however .slKm.s a slight increase 
in the digestibility of rice starch on parboiling. Since in tliese (•xperiment.-:. 
only the flour (passed through 60-mesh sieve)" was lised, it v as riioiigl.T. that 
better indications, comparable with conditions obtaining in ])rar'tice. uiutld be 
obta,ined by using cooked whole gi-ains instead of the flour. " Acta.rdinolv. tn- 
grms. lots of raw and parboiled rices were taken as whole graiirs aud 'c'ouked 
under similar conditions; the cooked grains were then shaken will' a kiiov, ti 
volume (200 c.c.) of water. To the mixtures were now adiled, at .‘{.VC., .1 e.c. 
of a 0-5 per cent solution of pancreatic anndase. Aliquots (20 oi i iu- re- 
action mixture were then withdrawn from time to time and tiu* c.xtent of 
measured as before by estimation ol' the reducing suirars banu-d 

(Table VI). 
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Table VI 


Effect cf 2yarboiling on digestibility of cooked whole grains 



Mg. maltose foimed in total of reaction 

mixture a-t the end of; 


1 

10 mins. 

1 

20 mins. 

1 

30 mins. 

B.aw, unpolished 

1 . 85 

146 

333 

Parboiled, unpolished 

60 

i:i 1 1 

273 


It may be noted that the Iiydrolysis is slower with parboiled rice than with 
law rice. This may be due to the fact that parboiled rice yields on cooking 
a product which is comparatively stifter in consistency than raw rice and thaf 
as a result, there is lesser penetration of the enzyme solution into the cooked 
grain in the former case. 

That the rate of hydrohosis is determined by the extent of penetration of 
the enzyme into the grain could be seen from the results (Table VII) of the fol- 
lowing experiment. A specimen of (raw, polished) rice was cooked in two lots 
(10 grins, each) under identical conditions. The cooked grains were, in one set 
^ of 'expei’iiiierits, dispersed in a large volume of water and i¥715 phosphirte 

■ bu:ffer (150 c.e. and 50 c.c. respectively) while in the other, they were added 
in big (rolled) lumps to the same volume of the mixture in another flask. The 
mixtures were in each case treated with 2 c.c. of 0*5 per cent solution of trj^psin 
and the rates of digestion measured as before. 

Table VII 


Effect of disijersing on the digestibility of cooked whole grains 



Mg. maltose formed in the total ^"olume of reaction- 

! 

mixtui'e at the end of : 

— 

10 mins. 

[ . '20 mins.'^' ' ’ 

■ '30 minsi 

Cooked, rice grains (dispersed) , 

08 

119 

350 

Cooked rice grains (in liimiDS) . 

34 

^ 1 

60 

85 


111 the experiments where the cooked grains were added as lumps, the rate 
of hydrolysis is scarcely half as much as in the other case where the, rice was 
held thoroughly disperser! in the mediimi. 

' ■ The above observations were 'generally confirmed in some in vivo trials 
carried out by one of the authors [Sreenivasan, unpublished data]. 
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Digestibility of different varieties of rice 
The different varieties of rice (unpolished as well as polished till free Iruni 
bran layers) whose chemical composition has been reported in the previous 
paper [Sadasivan and Sreenivasan, 1938] were compared for their digestibility 
of starch. In a few cases, parboiled specimens of rice were also employed. 
The activity of the pancreatic preparation was the same throughout this series 
of experiments and was checked from time to time with a solution ol soluble 

starch of the same concentration. The results are given in Tables VJII a and 6. 

Table Villa 


Digestibility of rice varieties — raw 


Va^riety^ 

Mg. maltose formed at 
the end of 

1 Variety 

^ Mg. maltose formed at 
; tlie end of 

5 mins. 

10 mins. 

15 mins. 

: 5 mins. 

1 j 

jlO mins, j 15 mins. 

Co 9 

TJ . 

132 

158 

183 

Ij 

ii Adt 3 

U 

124 

' 149 s 183 


P 

183 

196 

226 

j| 

P 

154 

; 218 ! 21^ 

Adt 7 

U . 

98 

124 

141 

ij T 134 

U 

98 

i 186 162 


P 

154 

218 

213 

! 

P 

136 

i 171 ■ 179 

Co 5 

IJ . 

77 

94 

124 

i T 111 

IT 

119 

.124 132 


P 

166 ; 

205 

200 

1 ■ 

p 

1,62 

187 213 

T 167 

V . 

107 ■ 

128 

132 

1 T 304 

IT 

55 

77 85 


p 

136 

166 

196 

1 

( 

P 

60 

85 90 

T 149 

u . 

38 1 

55 

55 

i T 356 

U 

64 

68 94 


p 

102 1 

132 

158 

! 

1 

P 

90 

1 36 1 6ti 

Co I 

u . 

60 

90 

107 

T 59 

V : 

73 

■S5 98 


p 

90 

102 

128 1 


P : 

107 

13(1 158 

T 150 

u . 

98 : 

136 i 

145 

To23 

IT ‘ 

43 j 

72 00 


p 

115 ^ 

i 

179 ; 

200 


P : 

98 1 

132 141 

Co 10 

IT 

81 : 

102 ^ 

128 i 

GEB 24 XJ : 

90 '' 

115 14! 


P 

102 

136 ! 

158 1 


P i 

107 1 

132 162 

Adt 11 

u . 

51 

81 ! 

107 i 

KmodaiiU' 

153 I 

171 183 


■;P ■ 

94 

145 ! 

171 1 


P 

149 ) 

183 ,,, 200 

'D^modaiiL U',, • 

107 

119 ; 

136 ii 

B modan U 1 

119 ! 

102 ' 174 



132: 

145 1 

162. 1; 


P i 

128 j 

106 179 .. 

C modan U . I 

111 

141 

158 , 






P ' 

1 

,/■ . 158 ! 

■ : ' , i 

196 ' 

■ 226 ij 

H 






’ P=polished (for degree of poliishiiig, vide Sadasivan and Srai/ni- 
vasaa, 1938, Ioc.-ciS.) “ 
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Table VIIB 


Digestibility of fice varieties— parboiled 


Variety’*' 

Mg. maltose' formed :at 
the end of 

' , Variety 

, Mg. maltose formed at 
the end of 

5 mins. 

10',;' mins. 

15 mins. 

5 mins. 

10 mins. 

15 mins. 

T'304: 

V . 

eo 

85 

94 

T 523 

U 

43 

■ ■ ' 77 

90 


P 

64 

98 

90 


P 

94. 

130 

145.',, 

aEB24U . 

98 

^ 128 

149 

T 167 

u 

102 

119, 

124 


P 

107 

136 

162 


p 

145 

162, 

183 

Adt S 

U . 

128 

- 154 

192 

Adt 7 

u 

102 

128 

158 


P 

149^..:- 

209 

'213^ 


p ^ 

149-- 

239- 

252 

T.llL 

u . 

128 

132 

136 

D modan U | 

115'- 

128 

145 


p 

162 

183 

213 1 


p 

I3U:j 

145,, 

166 

Co 1 

u . 

64 

85 

111 







p 

94 

107 

124. 



, 




’*'11 =unpolish©d ; P «poHshed. 


It may be observed that, as in earlier experiments, polished rice is more 
readily digested than unpolished rice. In the unpolished specimens, parboiled 
rice is somewhat more digestible than raw rice. There is however a large 
amount of individual variation between the different varieties. Some rices 
digest more quickly than others ; again, in some, the rate of digestion is much 
slower than in others, while, in a few cases, the differences in digestibility 
between unpoKshed and polished specimens are very small. The reasons for 
such large variations are not known but there is no doubt that among the 
important factors determining the rate and extent of digestibility of the rices, 
are the nature of the starch and of the bran constituents. 

iiiMbitiiig action of rice bran upon starch hydrolysis 

Since the foregoing experiments had shown that the digestibility of rice 
starch increases with the degree of polishing to which the rice is subjected, at 
any rate under the ordinary conditions of milling, it appeared probable that 
the bran and outer polishings of the grain may contain some inhibitor of starch 
hydrolysis by diastases. Further experiments were carried out with a view to 
studying the nature of this inhibition by the bran and bran constituents. 

Effect of bran extract on starch hydrolysis by pancreatin 

A specimen of rice polishings obtained from Co 9 after milling the grain to 
20 per cent of its weight was autoclaved with five times its weight of water at 
15 lbs. for fifteen minutes ; known volumes, of , the extract were then added to 
the ' suspension of (polished) rice'gelatini^ed us, before and their effect on the 

I? 
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rate of hydrolysis by pancreatic aniylase studied. The results together with 
the eorrespoii(ing values for the unpolished and polished specimens of rice are 
given in Table IX. ' " ' 

Table IX ’ . 


Effect of bran extract on digestibility of polished rice 


- Substrate ; ■ ■ - ; 

Mg. maltose formed at the end of 

I 5 mins. 

10 mins. 

I 15 mins.,; 

Co. 9 unpolished rice (control) , 

145 

192 

239 

polished (20 per cent) (control) . , - , , . 

„ , polished rice + 2 c.c. of autoclaved brah ex- 

166 1 

213 

,:256:;, 

tract . . . . . . . ' 

158 

207 

■ 247 

„ polished rice + 4 c.c. of branex tract. . ^ 

149, 

200 

i 

239 


The results show that the extract of polishings has a definite inhibitory 
effect on the digestibility of polished rice and that with 4 c.c. of the extract 
added to the suspension of polished rice, the extent of hydrolysis of the latter 
becomes about the same as that of the unpolished rice. 

In another set of experiments, 5 per cent extracts of bran obtained from 
both Adt 11 and Co 9, polished to 10 per cent, were employed. Known 
amounts of the extracts were added to a 2 per cent solution of Zulkowsky’s 
soluble starch prior to hydrolysis by the enjz3mie (Table X). 


Table X 

Effect of extracts of polishings on starch hydrolysis 


Substrate 

Polishings from Adt 11 

I Polishings from Co 9 

Mg. maltose formed at 
the end of 

Mg. maltose formed at 
the end of 

5 mins. 

1 

10 mins, 

15 mins. 

5 mins. , 

10 mins. 

15 mins 

Sol. starch, 2 per cent (control) 

64 

128 

183 

64 

128 

■ 183' 

Starch + 2 c.c. extract . 

56 

119 

175 

51 

98 

: ■ 15a 

Starch + 4 c.c. extract , 

51 

111 

162 

43 

„ SI 

■ 137', 


As before, there is definite inhibition by the bran extracts, the extent of 
such inhibition increasing with the amount of extract used. The bran from 
red rice has a greater inhibiting action than that from white rice. 

In Table XI are given the results of the comparative effects of polishings 
(5 per cent extracts) from raw and parboiled rices, ' - 
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■. ' Taelb XI : 


of raw and parboiled rice polishings on digestion of starch 



Polishings from Adt 11 

Polishings from Co 9 

Substrate 

Mg. maltose 

Mg. maltose 


formed at the end of 

formed at the end, of 


5minsi 

10 mins. 

IS^mins. 

5 mins. 

lOmins. 

15 mins. 

starch — control 

Starch + 5 c.c. of raw rice poL 

124 

222 

298 

124 

222 

298 

extract . . . . 

Starch “f- 5 c.c. of parboiled 

111 

209 

277 

107 

200 

247 

rice pol. extract 

nrri. . 1 1 •» . . 

118 

21 a 

281 

111 

’ 209 

250 


^ . The results show that the effect of the polisMngs from parboUed rice is 
denmtely less pronounced than that from raw rice. 


Action of successive bran layers 

The two varieties, Adt 11 and Co 9, both raw and parboiled, were polished 
to lo per cent and the polishings collected in three separate fractions, viz.. 
0 to 5, 6 to 10, and 10 to. 15 per cent respectively. Prom each fraction, a five 
per cent autoclaved extract was prepared and the inhibitory action of the 
extracts werp studied by adding 5 c.c. of the latter to a 2 per cent solution of 
-^^kowsk-y s- soluble st-areh- and fcdlowing the hydrolysis by pancreatin (5 c c. 
of 0 • 5 per cent solution). The.results are given in Table XII. 

Table XII 


Inhibiting action on starch hydrolysis by successive bran layers 


1 




Paw 

rice 



jPMtMaMMM 

Parboiled rice 


i 


Adt 11 





Gcv Q. 


1 

Substrate 













.■'i 

1 

! 


Mg. maltose 

formed at the end of (mins.) 

Mg. maltose formed at 
the end c f (mins.) 

b 

f 

1 

j 

1 

.5i 

I 

10 

15 

5 

10 

15 

5 

10 

15 

' 5 

10^ 

*15, 


Sol. starch-control . . ; : , 
Sol. starch4-5 c.c. extract. 

171 

281 

341 

171 

281 

341 

166 

281 

333 

166 

281 

333 

1 

'fr. I ■ '* -■■■; 

Sol. starch+,,5. c.Cij exti-act. 

158 

264 

316 

166 

260 

31] 

.. 

162' 

273' 

324'' 

158 

273" 

iu 

■< 

fr.II ■■■. 

' Sol. .starch-f .5 CjC. extract. 

162 

260 

324 

171 

269 

00 

GO . 

154 

269-' 

324 

166 

277 

324 

:r 

fr.III . . . 

166 

281 

333 

171 

277 

333 

158 

277 

320 

166;; 

273:; 

320 


I: : , ®2 
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It may be seen from Table XII that the inhibiting action is most in the 
&st five per cent of polishings, somewhat less in the second fraction and least 
in the last fraction ; the difference is less pronounced in the case of polishings 
obtained from parboiled rice where more or less the same effect is obtained 
with both the first and second fractions of polishings. 

Effect of bran constituents 

It has been shown elsewhere [Sreenivasan et ah, 1938] that, as a result of 
polishing of the rice grain, a very large part of the fats, minerals and proteins 
of the latter are removed with the millings. The inhibitory action of rice 
pohsl^s on amylolytic digestion may therefore be due to one or more of these 
constituents. With a view to studying further the nature of the inhibitors 
the bran was, in one case, freed from fats by extraction with ether while, in 
another, it was freed as much as possible from the proteins by successive 
extraction with 5 per cent sodium chloride solution, the bran being later freed 
from sodium chloride by washing. Extracts (o per cent) of the fat-free and 
mtrogen-free pohshings were then prepared and their effect on the hydrolysis of 
starch by pancreatic amylase (1 c.c. of 0-5 per cent) was compared with that of 
the original pohshings (Table XIII). 

Table XIII 

Effect of fat-free and protein-free polishing s on starch hy&rolysis 

I PolisMags from 


Experiment 


Adt 11 


Mg. maltose formed at the end of 


Soluble starch-control 
Soluble starch 4- bran extract — control 
Soluble starch -f bran extract (fat-free) 
Soluble starch 4- bran extract (protein- 
free) 


10 mins. 

20 mins. 

10 mins. 

1 20 mins. 

: 

115 

192 

116 

192 

102 

166 

04 

168 

107 

183 

102 

179 

107 

183 

. 

102 

176 

II that the inhibitory effect of the bran is 

and in part to the proteins. 


Effest of extracts of tamarind, chiUies, etc., and of ghee 
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gfi^ee or oil, 2 c.c. of 0^6 per cent caJdum chloride was added to the mihstrate, 
the latter acting as an emnlsifier. The results are recorded in Table XIV. 
Control experiments were carried out in each case immediately after addition 
of the enzyme. 

Table XIV 

Effect of addition of ta7narindy etc. y and of gheo arid oil 


Experiment 


Mg. maltose formed at 
tlie end of 


Sol. starch — control . . . . . 

Sol. starch + 2 c.c. 1 per cent green chillies extract 

Sol. starch + ^ c.c. 1 per cent green chillies extract 

Sol. starch + 2 c.c, 1 per cent red chillies extract . . 

Sol, starch + 5 c.c. 1 per cent red chillies extract . 

Sol. starch + 1 1 per cent tamarind extract 

Sol. starch 4 * 3 c.c. 1 per cent tamarind extract 

Sol starch -f 1 c.c. 1 per cent tamarind extract (dialysed) 

Sol. starch -f” ^ c.c. 1 per cent tamarind extract (dialysed) 

Sol. starch 4- 1 c.c. ghee . . 

Sol. starch 4* 2 c.c. g'/iee . . . 

Sol. starch 4 - 2 c.c. sesame oil . . . 

Sol. starch 4" 1 c.c, of ikf/ 1,000 bile salt . 


10 mins. 

20 mins. 

171 

252 

175 

252 

175 

-252 

171 

■252 

171 

247 

171 

256 

175 

252 

175 

256 

175 

256 

166 

247 

162 

239 

162 

239 

183 

264 


The results show that extracts of chillies or of tamarind have practically 
no action while or oil has a slight inhibitory effect. Bile salt acts as an 
activator of starch hydrolysis. 

Discttssioh 

The rate of starch hydrolysis in the different varieties of rice, both raw and 
parboiled, increases with increased polishing until, with a very high degree of 
polishing, there is no further change in digestibility. There is a large amount 
of individual variation in the digestibility of the different varieties of rice and, 
generally speaking, the difference in the digestibility of unpolished and polish- 
ed rice is greater in red rice and in coarser varieties. These latter contain 
invariably thicker bran coats than the fine varieties [Sreenivasan and Das 
Gupta, 1936 ; Ramiah, 1936 ] and hence, the inhibiting action of bran on starch 
hydrolysis by diastases should be more pronounced in these cases. The 
efect of bran decreases with successive polishings so that it would appear that 
the fats, proteins and mineral constituents of the bran which also decrease in 
concentration with successive polishings may be responsible for the inhibition. 
Results of experiments show that such inhibition by individual bran consti- 
tuents on starch hydrolysis is small though definite. Indeed, the difference in 
digestibility of unpolished and polished specimens is itself so small as to be 
insignificant in actual practice. Extracts of tamarind and other spices have 
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.pmctieallynG effect on starch hydrolysis, but there is no doubt that,, in the 
animal body, they aid digestion, obviously by stimulating the secretion of the 
" digestive ferments. 

Comparative trials with raw and parboiled rices have shown that parboiled 
rice, especially when unpohshed, is more quickly digested by the enzymes than 
raw rice. Iliis is no doubt due to the partial dextrinization of the starch 
during parbohihg. ’Ihe experiments however relate to the gelatinized flour 
'" from the raw and parboiled rices. With the whole grains, it has been observed 
that parboiled choked rice digests much slower than raw cooked rice. Par- 
boilM rice stiffens ;on cooking and standing whereas raw rice cooks to a soft 

_,inaps=_.--ThefQrmfirirequhesma8tic&tion^and,in_.conse.qnence,, causes aliheral 

flow of saliva. Uiider such circumstances, it may be more easily digested than 
raw ri8e. When bolted in the same manner as raw rice, parboiled rice may, 
'In facti'b e" difficult to digest on account of the lesser ease of penetration of the 
eitzymes in such cases. It is likely that the better digestibility of stored rice 
cornpared to unstored or fresh rice may also be due to the fact that in the for- 
mer case, the grains (which sweU properly on cooking) are better penetrated 
by the digestive ferments than in the latter where the grains cook to a pasty 
consistency [Sreenivasan, 1939]. 

■■ Experiments with single enzymes acting on specific substrates are not by 
themselves quite sufficient. The human system secretes a variety of enzymes, 
aU of which act on the highly complicated and mixed type of diets that are con- 
sumed. Thus, although the fat of rice bran has an inliibitory action on amy- 
lases, it may. not dp so in the human sy.stem which also secretes a lipase capable 
of hydrolysing the bran fat. In a similar manner, the inhibitory action of 
proteins will be eliminated through the action of pepsin and trypsin. There 
is great need therefore to work with mixtures of enzymes to obtain a correct 
inffication of the digestibihty of whole grains. Further researches along these 
lines are in progress. 

Tlie manner in which the present study on the digestibility of I'ice va- 
rieties has been carried out and the conditions of the digestions are such that 
the, results obtained maj?^ not have any direct physiological application ; there 
is no doubt, however, that this study has yielded results of value on the com- 
parative digestibilities of coarse and fine varieties of rice and on the efFects 
1 of polishing and parboiling on such digestibilities. Further trials on animals 
■ or human beings are necessary to confirm these findings. 

■f ' - ‘ ■ , . StJMMABY 

1. . The digestibility of rice, raw or parboiled, by (pancreatic and salivary) 
amylases increases with the degree of polishing. Parboiled rice, especially 
when unpohshed, is more easily digested than raw rice. 

2. With a very high degree of polishing, there is a slight diminution in 
•;the. extent of hydrolysis of rice starch. The viscosity of cooked rice flour 
- increases with increased pohshing, the rate of such increase being gi-eater with 
: high degree of polishing. ' . 
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' 3. With cooked'' ' grams of rice/ parlboiled-wy'' ^ hydrolysed 

less easily than raw rice starch by pancreatic amylase. The rate of hydrolysis 
is determined by the extent of penetration of the digestive ferments into 
thegrain. 

4, Stiidy of the digestibility of a large number of rice varieties has\shown 
that invariably polished rice is digested more. easily than unpolished rice and 
that parboiling somewhat increases the rate of digestion. Thbre is, however, 
a large amount of individual variatiombetween the dilferent varieties. 

5. Rice bran has a definite inhibitory action on amylases ; the extent of 
such inhibition is greatest with the first layer of polisMngs and decreases 
steadily -with the subsequent layers. Among the individual bran constituents 
the ether- extractives and the proteins of the bran exercise definite, thdugh 
small, inhibitory action on, starch hydrolysis by amylases. 
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I. iNTBODtrOTION 


It is knowi that freshly harvested rice is not fit for consumption 
and should be stored for some time before usage. Experience has shown 
that stored rice cooks better, yields less gruel and digests more easily than 
the unstored product. Old rice also sells at a higher price and is, besides 
more popular. ’ 

The problem of storage is of general interest for, most grain and tuber 
crops need a preliimnary period of storage before they can be safely consumed. 
Ihus, wheat acquires ‘ strength ’ on storage and is unsuitable for milling and 
bread-making before being ‘conditioned’. Bagi is valued more as a" food 
when stored for -some time during which period it is said to improve consider- 
ably. IVesh potato, in spite of its agreeable flavour and pleasant taste 
causes digestive disorders due, it is believed, to high concentrations of certain 
salts and s-hould therefore bo kept asido for some time after liarvest. 

Adthough the need for storage in rice is generally weU recognised, yet 
very httle scientific information is available on the precise nature of the 
changes uMergone by the starch and other constituents of the grain during 
, storage. Freshly ^ryested rice is said to contain a toxic substance of an al- 
kaloidal nature [ Hofmeister, 1920 ] which disappears during storage. It 
has also been suggested that the absorption of water and consequent swelling 
takes place through certain small capillaries in the grain and that these capil- 
laries widen during storage thus aUowing of greater imbibition of water [ Sub- 
b^amiah and Rao, 1937 h According to another explanation, the starch 
ot the gram isassumed to become progressively more complex during storage 

ever wfl ° A ]. The above concIusiiSis, how- 

ever, have been (frawn only from indirect evidence. In a recent communi- 
cation, Sahasrabuddhe and Kibe [ 1935] have proved the existence, in the 
resting seed of an active amylohydi-olytic enzyme which has the power 
of attacfcng both gelatinized and ungelatinized starch of the rice grain and is 

new e^^ience has been presented to show that («>> 

S. easily as stored rice, mainly because it 

cooks to a pasty condition and is not therefore penetrated by tL digestive 
ferments as w^ as the properly swqUen grains the stpiS ^ 
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one at least of the factors responsible for the unstored rice cooking to a squashv 
consistency is the presence^ in the grain, immediately after hWest, of a 
fairly ^tive a-amylase which, during storage, passes into a dormant condi- 
tion [ Gin and Sreenivasan, 1937 ]. 

II. Cooking quality op unstorbd and stoebu eices 

fhe most conspicuous feature of well-stored rice is its capacity for swel- 
ling on cooking with water. New rice imbibes very little water and cooks 
to a paste. On storing, the rice develops a greater* capacity for imbibing 
water. The extent to which this quality improves on storage depends on 
the method of storage and also the period for which the rice has been stored. 

exjieriments, three different varieties of rice were stored as 
paddy nnmediately after harvest (1) in loose gunny bags, (2) in bottles loosely 
plugged with cotton wool and kept (a) at room temperature and (b) at 0°C. 
in the ice chest, (.3) in tightly stoppered bottles and (4) in sealed flasks (a) 
anaerobically, and (b) in presence of carbon dioxide gas. The cooking quali- 
ties of the different samples were studied from time to time by measurino' the 
volume expansion during cooking. This was done by displacement of a known 
volume of water with a definite quantity (usually 10 grms.) of the shelled 
whole rice gmns both before and after cooking under standard and comparable 

conditions. The measurements were made in a specially improvised dilatometer. 

An essentially similar device w'as employed by the Paddy Speciahst at 
Ooimbatore in his studies on the physical analysis and cooking qualities of 
market samples of rice (Final Report of Work done at Coimbatore in connection 
mm the Inveshgatio7is on the Quality of Rice, 1938, p. 12). 

_ CooMng quality is given by the ratio of the volume of cooked grains 
to that of the unc ooked grains. The results thus obtained are given in Table I. 

Table I 

Changes in cooking qualily on storage 


Storage treatment 


Variety — Adt 11 


Variety — Co 9 


Variety — Co 10 


PMod of stotrage in mdiitlis 



0 

1/2 

i 

2 

3 

4 

1 O ' 

f . 

1/2 

:' i ' 

■: 2 '"' 

3 

4 

lo 

1/2 


2 

3 

4 

1 . 



1*9 

2;2 

2:6 

3*0 

3*6 

3-6 

1*7 

1*9 

2*3 

2 ; 9 

3*6 

3*8 

1*7 

2*1 

2*5 

3*2 

3*4 

3*8 

2 ( a ) . 


• 

... 

2*1 

2-5 

3*1 

3*5 

3*8 

... 

2.1 

2*4 

2*9 

3*7 

3*9 

... 

2*2 

2*6 

3*2 

3*6 

3*8 

Ub ) 



... 

1*8 

1-9 

2-1 

2*3 

2*7 

... 

1-6 

1*7 

1*7 

1*9 

2*3 

... 

1*8 

1*8 

2*0 

2*2 ■ 

2*0 

3 ' ■■ . " 


• 

... 

2-0 

2*8 

3*3 

8-7 

4-0 


1*9 

2*5 

3*2 

3*4 

3*7 

... 

2*1 ] 

2*7 

3*0 

3*6 

3*9 

^ ( a ). 


* 

... 

1*9 

2*9 

3-4 

3*8 

4*2 


1*9 

2*6 

3*4 

3*6 

3*8 


2*2 

2 ; 8 

3*4 

3*9 

4*1 

4 ( d ) 




2 - 2 ^ 

S *0 

3*6 

1 

4-0 

4*3 

... 

2*0 

2*8 

3*5 

3*9 

4*0 

••* 

2-4 1 

2*8 

3*5 

4*0 

4*0 


-F 
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The results show that the cooking quality improves in samples stored 
in air-tight containers or under anaerobic conditions. Paddy stored in 
cold chamber does not improve in cooking quality even at the end of foui‘ 
months. In fact, some of the samples taken out after nearly eight months 
of storage were found to have scarcely improved in their swelling capacities 
on cooking. Well-stored rice grain swells on cooking to about four times 
the original volume while the unstored grain does not swell even to twice the 
original volume. The unstored grain also cooks more rapidly than the stored 
product. The foregoing observations were confirmed generally by the in- 
dependent findings made simultaneously by the Paddy Specialist at the Rice 
Research Station, Goimbatore [K. Ramiah, private commimicatio7i’\. 

It has been observed at Coimbatore that when freshly harvested rice 
is stored in metallic bins with and without provision for ventilation, the im- 
provement in cooking quality as a result of storage is slighly better in samples 
stored in ventilated bins than in those kept in closed containers ; but this 
difference is observed only during the early stages and tends to fall off with 
the period of storage {Final Report of Work done at Coimbatore^ 1938, p. 2). 

It is not clear whether the storage changes have any bearing on the res- 
piratory changes of the grain. The paddy of coui*se continues to live and 
respire during storage. But, since storage changes are most rapid in properly 
closed pits or cisterns, it would foUow that respiration is not entirely respon- 
sible for the attendant transformations. 

Measurement of swelling on cooking is an elegant method of determining 
the extent of storage changes in rice. Another method wfil be to determine 
the extent of disintegration as a result of cooking from turbidity measure- 
ments or from the amounts of dissolved material. The latter is conveniently 
determined by precipitation with alcohol, filtering and weighing after drying. 

With a view to finding out the extent to which polishing affects the 
swelling capacity of unstored and stored rices, some trials were caraied out 
with freshly harvested rice and with rice stored for one year, both polished to 
different known extents [ Sreenivasan et aL, 1938]. The cooking qualities, 
measured as before, are given in Table II. 

Table II 

Degree of polishing in relation to cooking quality ot unstored and stored rices 


Degree of polishing per cent 


Variety 

i 

i 0 . 

1 

5 

! 

8 

i 

12 

] 

15 , 

, 1 

Adt H, new . . . ! 

1 

1 1*9 

2-2 ■ ■ 

1 2*4 

2*9 

2t9' 

Do. 1 year old 

4*2 

4*4 

j 4*3 

4*5 


Co 9, new . . 

lv7 

1*9 

I 2*4 

2*9 ^ 


Do. 1 year old 

4*0 

- 4*2' 

4*2 

4*4 ■ 

■•■■■■' , 3*e : 
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Tta Nervation i. of especial signiacanie .„J is again^SSj t fn ““S 

III. Digestibility OE COOKED UNSTORED and STORED bices 

It has been shown elsewhere [ SreeniTasan anrl TiVi iqooi <.1 j. , 
no, .s o»ked to a Imnpy condition aad Sen sSjecM £ a, a„if S 
ohjdzotytie enzymes, it does not digest even half as miicb -ki wLo i ^ 
to the usual consistency. This difference; ! 

even by stored rice whei the latter is coked to a paste fhv'fe ? 
excess of water) and to a loose stmctnrr Cs * S Mowtec 
a speomten of weU-stored (unpolished) rice wi “oM fa ZolSTo “ 

and 50 le“of S/15 phosphate bulfer^t pH“6““‘Th,°i4toK 'wieY*” 

0 5 pel cent solution of trypsin (Pfansteil). Aliquots of tbe rAA,t+i ’ ‘ • ^ 

maltose in the totafvlLf'lL r^tSl’£S:rgivtrife 


Table III 


Effect of coohng to a paste on the digestibility of n 


nee grains 


Condition of cooked rice 


Mg. maltose formed at the end of 

10 mins, j 20 mins. 30 min , a. 


Cooked to normal consistency , 
Cooked to a paste 


L '^^® Piope% swollen grainTpre^ a greateT^II^t^riurfacTIJ^r^ 

A the digestive ferments than those which are not 

A similar phonoiiiGnoii lias been observed, bv T^edrli nriri qs it-. 

[ 1037 ] who have studied the action of certai mouSs on nee c 
different extents. When the individual grains stand apart, the mould tSeads 
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lienetrate them easily and convert them into sugar and other products where- 
as, when the rice is otherwise rendered squashy, the moulds penetrate only 
partially leaving the hard central portions unattacked. 

The above observations were confirmed by some preliminary growth 
experiments on young rats. Two groups of four rats each were fed, for a 
period of thirty days, on cooked powdered rice and cooked whole rice res- 
pectively from the same variety. The rice was supplemented with small 
identical quantities of casein, cod-liver oil and salt mixture in both the cases. 
Weekly average increases in weight are given in Table IV. 

Table IV 


Growth rate with cooked powdered rice and cooked whole rice 


Diet 

Weeks 

1 

2 

3 

4 




Average growth rate in grms. 

Cooked whole rice 

• 

. 

5*1 

4*9 

4*4 

4"6 

Cooked powdered rice 

• 

• 

5*1 

4*6 

4-0 

4*3 


The growth rate is poorer when the powdered grain is used. This na- 
turally cooks to a paste compared with the whole grain. It would therefore 
appear that the bad effects of unstored rice are due primarily to its cooking to 
a shapeless pasty condition and thereby preventing the digestive ferments 
of the human system from coming into proper contact with the cooked mass. 
Part of the starch may pass undigested into the lower intestines and thus 
produce undesirable fermentations and other digestive disorders. 

IV. In fjteo digestibility of the stabches fbom new and old bices 

Pure starches from new and one year old samples of rice from varieties 
Go 9, Adt 11, GEB 24, and Co 10 [Sadasivan and Sreenivasan, 1938 ] were 
prepared as foUow^s : — 

The shelled grains w^ere soaked in 20 per cent alcohol and the softened 
kernels were then ground in a mortar. Enzymic action during the extraction 
was checked by the addition of 1 x lO'^iV^ iodine [ Olsson, 1921 ], The pulps 
thus obtained w^ere extracted thrice with cold, 20 per cent alcohol The ex- 
tracts were strained through several thicknesses of cloth and the starch re- 
moved by centrifuging and filtering. It was purified by w^ashing in 20 and 
bO per cent alcohol as described by Parker [ 1935 ]. The starch w^as washed 
and centrifuged in 80 per cent alcohol over ten times before it i¥as considered 
pure. The air-dried specimens were powdered to pass the 100-mesh sieve. 
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^ For experiments on the digestibility of the starches by different enzvmes 
leqmsite qnismtities of the starches were treated with a little water boiled for 
on ve minutes and then autoclaved for thirty minutes at 15 lbs. pressure 
■o ensure that the samples were gelatinized completely and under comparable 
conmtions. Human saliva (1:1) and a O'o per cLt solutSn ofX^sin 
(P&nsteil) were employed for the studies. The reaction mixtur-es conSSd 
of 20 C.C. of phosphate buffer (^H 6-8), 50 c.c. of one p^r c“5 sTaTch^' 
Sion, 1 c.c. of normal sodium chloride and 27 c.c. of water The mixtures 
were placed in a thermostat at 35°± O'ff and, when the contents had a? 
quued the temperatme of the bath, 2 c.c. of the enzyme solution wa^dded 
thus making a total volume of 100 c.c. Aliquots ‘(20 c.c.) of the reaction 
mixture were removed immediately after addition of the enzyme and at 

minutes and the reducing sugars present estimaterl 

Table V as mg. of maltose formed m the total volume of the reaction mixture. 

Table V 


Starch from 

Salivary Amylase 

Pancreatic Amylase 

1 Mg. maltose formed at the end of 

! 

5 mins. 

10 mins. 

16 mins. 

5 mins. 

10 mins. 

15 mins. ' 

Adt 11, new 

159 

186 

207 

122 

186 

245 

Bo. old . 1 

165 

192 

228 

125 

182 

246 

Co 9, new 

196 

254 

286 

141 

206 1 

' 275 

Do. old 

188 

274 

296 

145 i 

216 1 

290 

GEB 24, new • 

184 

242 

292 

197 

265 

304 

Bo. old 

184 

246 

302 

194 

272 

312 ' 

Co 10, new 

124 

196 

232 

100 

136 

, , 195 . 

Bo. old 

Ta. T 

118 

196 

226 1 

122 

146 

i 

226 


..xie pui-e srargues irom stored rice specimens 
di,,est more readily than those from the freshly harvested rices, the differences 
ri Pi’onounced. Sahasrabuddhe and Kibe [ 1935 ] have reported 

that the starches from new and old rices do not differ in their physical charac- 
teristics although they observe that under the action of hydrochloric acid 
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diastase, and pancreatin, the starches from old rices are hydrolysed much 
quicker than those from new rices. It is possible that in the above experi- 
ments the mode of preparation of the starches has obhterated to some extent 
the differences, if any, in the make up of the starches of new and stored rices. 
Further work is essential to prove whether this is so or not. 

V. Cabbohybbate obanges dueing bipening and stobage 

In view of the fact that carbohydrates predominate in rice, it ’was con- 
sidered probable that storage may result hi a change in these constituents 
more than in any other. Accordingly, specimens of rice (finely ground and 
passed through 60-mesh sieve) from freshly liarvested and one year old 
samples of four different varieties were analysed for thefr carbohydrate cons- 
tituents— dextrose, sucrose, other dextrins and polysaccharides, and starch 
— according to the methods of the A. 0. A. C. [ 1935 ]. The results are given 
in Table VI. 

Table VI 


Carbohydrate constituents in new and, stored rices 


Variety 

^ Moisture 

Dextrose 

Sucrose 

Dextrins 

i 

I Starcii 

1 


1 • 

Percentages 

Adt 11, new 

13-2 

2-12 

0-36 

1*86 

74-8 

Do. old 

11*8 

2*02 

0*36 

1*34 

74-5 

Co 9, new .... 

13'4 

2*65 

0-48 

1*56 

74-6 

Do. old 

12-0 

2*32 

0*43 

1*11 

74*6 

Adt 6, new 

11-9 

1*85 

0*30 

1*80 

72*2 

Do. did . 

10*4 

1-79 

0*29 

1-26 

72*0 

Co 10, new . 

12*6 

1*45 

0*34 

2-05 j 

74*9 

Do. old . . . 

12*1 

1*38 

0*36 

1-85 j 

73*7 


There does not appear to be any marked change in the different carbo- 
hydrate constituents as a result of storage. 


Storage changes are oft%n considered to be mere continuation of the 
changes during ripenuig. To verify this, the changes in carbohydrate cons- 
tituents were followed from the time the grain began to set. Samples (variety 
Adt 11) in 2 lb. lots were sent to Bangalore from the Agricultui-al Research 
Station, Coimbatore, by Railway Parcel. They were taken from the crop 
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two Sir'S™ Sd « ref ‘™‘’ between 

place during thil period ITOh 1^?’™ amount of change must hare taken 
checked. The“ Cnie Sit t f “““ b« 

all, nine eam^lee w^iJ^SeeZ “t I” 

grain at the liarvestino* stao'e ' 'Ff^nh ^ the fully ripe 

Table Vn^iV?? thfr^dfeTtatall”* ^“■‘“'2“'^ d"™® storage. 

Table VII 

__ Carbohydrate changes in paddy durimnvenim arid Mnrar.. 


Stage of ripening 


Moisture 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh . 
Eighth 

Harvest sample 
Stored — 

(1st fortnight) 
(2nd fortnight) 
{3rd fortnight) 
(6 th fortnight) 


Keduc- 


Soluble 

Hon- 

starch, 

ing j 

1 reducing 

dex- 

sugars 

1 

sugars j 

! 

i 

I 

trill, etc. 

^ , 1 


Starch 


Percentages 


• 

8*7 

1 7-96 

0-64 

7-42 


8*8 

7-01 

0-33 

6-68 1 


8*9 

7-02 

0-38 

6-64 


8*5 

6-46 

0-47 

5-98 


8*7 

5-00 

0-37 

4-63 


8*2 

4-57 

0-25 

4-32 


8*6 

4-59 

0-31 

4-28 


7*1 

3-07 1 

0'38 

2-69 

* 

8*1 

2-74 

0-41 

2-33 

• 

8*5 

2*68 

0-38 

2-30 


8*4 

2-71 

0-39 

2-32 

' 

8*2 ! 

2-72 

0-40 , 

2-32 

* 1 

i 

8*2 1 

2-59 

, 

0-31 

2-23 


39*21 

65*42 

58*89 

59*95 

61*86 

62*12 

62*19 

62*96 

64*00 

64*15 

64*26 

63*85 

65*02 


of 


sugar 




observed that dTiring ripening there is a steady decrease in 
Thiel hXl“ increase in stidx Sii 

(TaWe Vljl^''^"^®' m these constituents dnring storage 

VI. .The, AMYLASE SYSTBM:-QE ,TOI>E.IGE.;GBAIN. de-king kibening and- STOEAGE 

ent SSf freshly collected from the crop at differ- 

determined mm^ediatfl’v f ^ moistme contents were 

mmeu immediately. The grams were extracted with 13-5 times their 



■''fit; 
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weight of water for twenty-four hours at room temperature. The amount 
of extractant to be added was ahvays calculated on the dry weights of the 
grains taken. 

The saccharifying power (^-amylase) and the dextrinizing power (oc- 
amylase) of the extracts were determined according to methods outlined b.y 
Giri and Sreenivasan [ 1937, 1933 ] at 4- 6 (lf/5 acetic acid-acetate buffer) 
and 7’0 (ilf/15 phosphate buffer) respectively, these being the J9H optima 
of the two amylases [ Giri and Sreenivasan, 1936 ], The results are presented 
in Table Vllt 


Table VIII 

Variation in the activities of a- O'nd p- amylases of rice grain during ripening 

and storage 


P -amylase (at 25H4* 6) oc-amylase (atpH7*0) 


Time required in mhxs 
to change colour tone 
of iodine to 


Activity 
in mg. 
maltose 
in total 
volume 


Weight of 
200 grains 
grm. 


Per cent 

mois- Time of 

ture hydro- 

lysis in 
hours 


Violet 


reaction 

mixture 


Ripe grain 


Stored for one 
month. 


It will be seen that the activities of both the amylases decrease as ripening 
advances, while in the resting grain it is almost completely nil. It has been 
shown elsewhere [ Giri and Sreenivasan, 1937, 1938 ] that the amylases in 

the resting grain are present in a dormant conflition and that they' can be 
obtained in a fully active state by extraction vdth phosphate buffer at pH 7- 0. 
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been felWeS’fSTo 

paddy from the time of harTesf(T»HM IX S Sr"**’' “ -earieMee of 


Table IX 


Variety * 


Halublu (I) 


Date 

Time of 

of 

hydrolv- 

harvest 

sis in hrs. 

12th June 

^ 1 

1937 

3 



24 

Bth tTune 

1 I 

1937 

3 


24 

16th June 

1 

1937 

3 


24 


I^ate of sampixiig 


Activity in mg. maltose in total volume 
of reaction mixture 


4*8 

4*3 

11-9 

8*9 

44-6 

33-8 

8*6 

( Nil 

12-2 i 

' 8-8 

66' 7 

33-6 

4*3 

mi 

9*8 

4*8 

38*6 

26*0 


courtesy of theSuperir^^denr*^®^ Hebbal Agi 

Table X 

^.-amylase activity during 

Time in Date of sampling 

■ mins. — — 

I 6-7.1937 21-7-1937 | 

Variety I n HI iT~ir^7~F^h 


Variety 


21-7-1937 

18-8-1937 

I II III 

AT /OAA Jt 

I II HI 


1-9-1937 


witntv/200iodiue solution 
EtIv B I® ® = I® B B |B B B 


BV BV BV BV B B 
BV BV B 

V BV BV ■ ■ ■ 


B B B 


B V B B BV b’ B ’ ■ ■ ■ ■ ■ ■ 
BV BV BV BV BV B BV B B* 
• • • . . . BV BV BV 


BV B B 


Bs=Blue; 


BV =Blue-violet j 


•• bvbvb' | bvb B 
~V= Violet. ” 


G 
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The changes, in cooking quality as measured by the extent of volume 
increase during cooking for the three varieties and at the corresponding dates 
of sampling are set forth in Table XI. 

Table XI 


Changes in cooking quality during storage 


Variety 

Date of sampling 

Jime 24th 

July 6 th 

July 21st 

Aug, 18th 

Sept. 1st 

Halublu . . . . 

2-4 

2-9 

3*3 

3*4 

3*4 

Kempasanna 

2-6 

3*2 

3*6 

3*9 

'4-1 

Three month crop 

2*0 

' 3*0 

' 3*9 

4*1 

4*2 


It may be seen that as before (with Co 10, vide Table VIII) the activities 
of the amylases decrease with the period of storage. There is a close similar- 
ity observed between the oc-amylase activity and the extent of S’vvelling dur- 
ing cooking. Thus with the Halublu variety, the dextrinizing enzyme does 
not become as rapidly inactrve with storage as with the other two varieties. 
Likewise, the improvement in cooking quality is less pronounced in this than 
in the other two varieties. 

VII. Discussion ANB oenebal conclusions 

The symptoms attending the consumption of unstored rice are essentially 
those of poor digestion. One feels heavy shortly aftei’ eating such rice and 
sometimes complains of stomach pains and occasionally even of cliarrlioea. 
These only suggest thad unstored rice is slo^v to digest ; that a part of it ])asses 
into tiie smrdler intestines and colon, and, being acted there by the puii-e- 
factive bacteria, causes fermentation followed by the usual s.vmptonis of 
diarrhoea. 

It has been showm above that althoiigli new rice is really inore cooked 
than the stored grain, the digestive juices do, nevertheless, find it difficult 
to attack it with the same facility as the latter. Coolced, uiistored rice being 
lumpy and held together by the adhering gruel, presents less reactive surface 
to the action of the ferments. 

A further observation which is of some practical significance in con- 
nection with the ill-effects of luistored rice is that it is generally conhUrned 
in larger quantities. This is due to the fact that it occupies iniieh less volume 
than cooked stored rice so that a proportionately larger quantity is eaten 
before the consumer gets the desired sense of satisfaction. 
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containers well insulated with adequate plastering against loss of heat by 
radiation. Increased temperature, up to a point, favours storage changes. 
On the other hand, a lowered temperature causes distinct retardation. 

Short-duration varieties need longer periods of storage than long-duration 
ones. A few varieties, like GEB 24, become fit for consumption almost im- 
mediately after harvest [K. Eamiah, communication}, Paddy harvest- 

ed in the warm and dry months requires considerably lesser time for storage 
than that obtained during cold and wet -weather. Harvesting practices es- 
sentially affect the extent of storage changes necessary and, hence, the time 
of storage is often a relative feature not entirely dependent upon the variety 
involved [ Srinivasan, 1934], 

Although storage by itself involves very little expense, yet neither the 
producer nor the consumer will like to have the rice on hand for such a long 
period as it now requires. Quickening of the related changes is highly desir- 
able and it will therefore be of some practical interest to devise improved 
methods of storage. 

Drying in a current of air at 50° to 60° for a few hours is indeed an efficient 
method of hastening storage changes, but the great drawback in practice of 
such a method is the development of ‘sun-cracks’ in the grain, due to partial 
dehydration at various points in the surface. The cracks disappear during 
cooking but they do, navertheiess, affect the shelling and milling qualities of 
the grain adversely. 

The observation, that the difference in digestibility between unstored 
and stored rice is not exhibited to the same degree by the pure starches pre- 
pared out of them (Table V), would suggest that there is probably not much 
difference in the make-up of the starch in the two cases. Further work is 
essential to elucidate the precise nature of the starch and other constituents ' 
in rice and their changes during storage. In some experiments, the problem 
of storage in rice was studied in relation to (a) the limit of saccharification 
of the starch in the grain, and (6) the extent of fractional liquefaction of 
starch at different temperatures [Warth and Darabsett, 1914 ]. The bearing 
of these results [ Sreenivasan and Giri, unimblished data} on the quality of 
unstored and stored rices, as also the changes in the starch components of 
the grain during storage, are being investigated and will be reported in a future 
communication* 

Study of the degradation of starch by different amylases would yield 
results that may throw light on certain features of its constitution that have 
not hitherto been approachable by purely chemical means [ Hanes, 1937 ]. 

A further line of investigation would consist in measuring quantitatively 
the change of colour with iodine and establishing the relationship between 
thi^ and the stage and type of degradation that has been induced^ 
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1. Well-stored rice grains swell on cooking to about four times the ori- 
ginal volume while the unstored grains from freshly harvested paddy scarcely 
swell to twice the original volume. 

2. Increased temperature and reduced air supply during storage quickly 
improve cooking quality of unstored rice. Paddy stored in cold chamber 
does not improve much in cooking quality even after several months. 

3. Polished, unstored rice swells on cooking to a greater extent than the 
corresponding unpolished specimen ; polishing also improves cooking quality 
of stored rice, though with a high degree of polishing swelling capacity 
decreases. 

4. In vitro experiments have shown that when rice is cooked to a paste, 
it does not digest even half as much as when cooked to the usual fluffy con- 
sistency. The properly swollen grains present a greater reactive surface and 
are better penetrated by the digestive ferments than those which are not. 
Growth rate in young rats fed on cooked powdered rice is also less compared 
with that on rats fed on cooked whole rice. 

5. There is only a small though definite difference in the in vitro digesti- 
bilities of the pure starches prepared cut of freshly harvested and well-stored 
specimens of rice. The latter is hydrolysed more easily than the former. 

6. During the ripening of the rice grain, there is a steady decrease in the 
reducing and non-reducing sugars and dextrin followed by a rapid increase 
in the starch content. During storage, there is no marked change in the 
amounts of the various carbohydrate constituents of the grain. 

7. The resting seed contains both a liquefying (a) and a saccharifying 
(P) amylase. The activity of the amylases is greatest at the ‘ milk stage ’ 
of formation of the grain and decreases with the advance in ripening ; there is 
a further decrease in their actmty during the storage of the rice ^ain. In 
the well-stored grain, the amylases exist in a dormant condition and cannot 
be extracted with water. There is a close parallelism between the decreased 
activity of the a-aniylase during storage and the improvement in swelling 
capacity on cooking. 

8. The bearing of these observations on the mechanism of storage changes 
in rice and the nature of further work is discussed. It is concluded that the 
pastiness on cooking, of unstored rice may, to a certain extent, be due to the 
starch liquefying ferment (a -amylase) of the seed ; the inactivation of this 
enzyme during storage is followed by increased swelling capacity on cooking. 
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I. Intbodbction 

Ik the second part of our investigations on tobacco leaf-curl [Pruthi 
and Samuel, 1937] we stated that sann-hemp at Pusa also suffers from 
leaf-curl and described some transmission experiments performed during 
1935 which showed that white-fly, Bemisia gossy2^ipeTda M, k Jj., coxild 
transmit the disease from sann-hemp to healthy tobacco. During the last 
two tobacco seasons (1936-37 and 1937-38) we have performed a large number 
of transmission experiments with white-fly to confirm our previous con- 
clusions referred to above and to ascertain if this insect could also transmit 
the disease from tobacco back to healthy sann-hemp and from tobacco to 
tobacco and sann-hemp to sann-hemp. Furthermore, during the course 
of our work we have observed that Ageratmn conyzoides, which is a very com- 
mon weed at Pusa and which also suffers from a leaf-curl disease, serves as a 
food plant for the white-fly. We have experimented with this weed to deter- 
mine if this plant, like sann-hemp, is an alternate host of the tobacco leaf-curl 
virus. Several large series of experiments on the lines indicated above have 
been performed at different times of the year on tobacco and other hosts of 
different ages to determine the season when the white-fly is most vhuliferous 
and the ages of various hosts when they most readily get infected and develop 
the disease. Some very interesting results have been obtained which are 
reported in the present paper. 

II. Technique, matebial, etc. 

In our previous investigations [Pruthi and Samuel, 1937] we used cello- 
phane tubes for encasing the white-fly on the diseased and healthy plants for 
feeding. As whole leaves had to be enclosed inside the tubes, the latter had 
necessarily to be very large. It was noticed that the white-flies generally 
remained in the corners and folds of the crumpled portions of the tubes instead 
of sitting and feeding on the enclosed leaves. As the longevity of the white- 
fly in captivity is rather short, it seemed probable that the encased individuals 
did not feed on the diseased plants at all or, if they did so, they did not feed for 
sufficient time on the healthy plants on which they were transferred. Fur- 
thermore, cellophane has the very serious draw- back in that with slight changes 
in weather conditions it readily expands and shrinks and consequently becomes 
very brittle. Therefore in the experiments carried out during the last two 
years and reported in the following pages, the technique of feeding the white- 
fly was considerably modified. Instead of a large cellophane tube for en- 
casing an entire leaf, a small glass tube (1 in. X J in.) containing the individuals 
was fixed on a portion of the leaf by means of a light wire spring wdiich clasped 
the tube and leaf together as shown in Fig. 1. To avoid injury to the leaf, the 
end of the spring w^hich rested on it was flattened into a disc and was sepa- 
rated from the leaf surface by means of a felt piece. The white-fly generally 
feeds on the lower surface of the leaf, therefore, the tubes were also fixed on 
that surface. This as well as the fact that the white-fly always flies up when 
put in a tube ensured the settling of the individuals on the portion of the leaf 
covering the open end of the tube. 
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Fig. 1. Diagr^atjc illustration of the technique of feeding white-flies on tobacco 
leaf— A. The whole mechanism in situ ; B. The spring Ind the tube contaiSin" 
the individuals ; O. The spring showing the felt piece separated frcm the disc, 

I r White-flies were kept on the diseased plants 

before their transfer to healthy hosts is refeiTed to as the ‘ feeding period ’ 
in the foUomng pages. This, however, is not a very accurate term as the in- 
Aviduals did not necessarfly feed for aU the time when encased on the leaves 
After the mdmduals had been kept on diseased leaves for a definite period 
they were transferred to healthy plants on which they were aflowed to remain 
till they died. This was done to ensure their feeding on these plants for the 
maximum possible period as the percentage infection is known to increase 
with mcreased feedmg time of the vector on the healthy plant. No record 
was kept of the_ period Tor which the white-flies hved on healthy plants, 
m total longevity of the white-fly while encased on diseased and healthv 
plants vaned between three and seven days during August-DecembeV 
When kept on diseased leaves throughout its life, it did not live for more 
than about foiw days. If kept on healthy plants throughout, it remained 
f fu no?n .1 These observations do not support the statement of 

Smith [1931] that an infective msect does not present any visible variation 
from a normal individual. u 

• meant for infection purposes and the controls were 

raised under insect-proof conditions and were transplanted in pots containing 
sterilized soil which were kept covered with muslin bags throughout the life 
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of the plants. Similarly sann-hemp and Ageratum plants were kept under 
insect-proof conditions. 

The work was carried out at Pusa (Bihar) and most of the transmission 
experiments were performed during August-December, the usual period of 
active growth of tobacco crop in Bihar, as it is recognized [Smith, 1935] that 
it is difiSeult to infect matmre plants with virus diseases. 

The infected plants were kept under observation up to the middle of the 
following April for noting the appearance of the disease. By this date all the 
tobacco plants both in pots and in the field had flowered and formed capsules. 

The variety of tobacco under investigation was H 142, which is the most 
common cigarette tobacco grown at the Botanical Sub-station at Pusa. 

The symptoms of the various types of leaf- curl of tobacco have not been 
described in the following pages, as Pal and Tandon [1937] have already 
published a detailed account thereof. We may, however, state that almost 
all the types undergo some change with the growth of the tobacco plant and 
towards the end of the season show some symptoms which have been described 
by Pal and Tandon as characteristic of X type. It may also be added that A 
type always starts as X type and in the course of two or three weeks acquires 
the typical characteristic of A type, therefore the two types cannot be dis- 
tinguished from each other for sometime except that the plants which are 
going to develop A type have more severe symptoms of X type than those 
which are going to remain of X type. We have observed the same changes 
in the field and, therefore, venture to suggest that the descriptions of various 
types given by Pal and Tandon need some modifications in reference to the 
changes which the types undergo during different seasons of the year. 

III. TeANSMISSION OF THE DISEASE FEOM SANN-HEMF TO TOBACCO 

Five series of experiments were performed between September and the 
middle of December 1936 on tobacco seedlings, eight to sixteen weeks old. 
The diseased sann-hemp used as source for these experiments had been sown 
in the field about the 1st July. The detailed particulars of the experiments 
are given in Table I-A. 

In the first series, seven experiments were performed between the 6th and 
12th September, when sann-hemp and tobacco undef experiment were both 
about eight weeks old. Two to five specimens of the white-fly were kept on a 
diseased sann-hemp plant for twenty-four to forty-eight hours before they were 
transferred to a healthy tobacco seedling. None of the seven infected seed- 
lings developed the disease. 

In the second series, eight experiments were performed between the 20th 
and 29th September with both sann-hemp and tobacco ten. to twelve weeks 
old. Two to twelve white-flies were kept on diseased sann-hemp for eighteen 
to fifty-three hours before they were transferred to a healthy tobacco seedling. 
After about thirty-six days one seedling (No. 1) out of eight developed leaf- 
curl of A type. 
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Tlie third series consisted of ten experinients perfornied in the beginning 
of November with tobacco and diseased sann-hemp being seven and seventeen 
weeks old respectively. Nine to twenty-six individuals were used and they were 
kept for 18 1 hours on the diseased souj-ce. Five out of ten infected tobacco 
seedlings (Nos. 1 and 7 — 10) developed leaf-curl. Three seedlings developed 
leaf curl of A type, and in the other two the disease was of X type. Whereas 
in the seedlings which developed A t 3 ri)e, the disease was evident in about 
seventeen to nineteen days only, in those which developed X type it took 
as many as seventy-four and eighty-four days to appear. 

At about the same time (beginning of November), seven more experiments 
were performed (series IV) on sann-hemp and tobacco, both seventeen weelcs 
old. Seven to seventeen white-flies which had fed for twenty-four hours 
on diseased sann-hemp were put on a healthy tobacco seedhng. None of 
the seven infected plants developed leaf-curl. 

Again about the middle of December when the diseased sann-hemp was 
about twenty-two weeks old, ten experiments were performed on about eight 
weeks old tobacco seedlings (series V). Two seedlings developed leaf-curl 
in thirty-seven and sixty-three days respectively. The disease was of X 
type. 

All the controls in the five series of experiments described above remain- 
» ed free from leaf-curl. 

From the foregoing it will be evident that in 1036, as in the previous year, 
the white-fly was found capable of transmitting the leaf-curl virus from diseased 
sann-hemp to healthy tobacco which consequently developed disease of A 
type in most cases. It will be further noticed that the highest percentage 
of positive results (50 per cent) was obtained if the tobacco seedlings were 
about seven weeks old at the time of infection, as was the case in series ITT 
Experiments performed at the same time and under the same conditions as 
those in series III but on seventeen weeks old tobacco gave much fewer 
positive results. 

In the course of experiments carried out in 1936 and described above it was 
observed that with diseased sann-hemp as the source, some of the infected 
tobacco seedlings developed A type while others developed X type. In 1937 
the symptoms of leaf-curl of sann-hemp were carefully studied before experi- 
ments were performed. Two distinct types of the disease could be made out. 
In one the leaf blades were simply curled but not puckered and there was 
only a slight thickening and greening of the veins. The second type was 
much more severe and was characterised by distinct puckering and twisting 
of leaf blades. In Plate VII, figs. 1 and 2 the two types are illustrated. They 
are designated as S.V.l and S.V.2 in the following pages. 

Five series of experiments were performed during 1937, two using S.V.l 

type and three with S.V.2 type as source. The particulars of experimenia 

- ■ ■ • ■ - ■ . H 2 
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under Tarious series are given in detail in Table I-B, and are 
rized in the following statement : — 


summu' 


Main results of transmission experiments from sann-hemp to tobacco, during 
1937 {detailed particulars in Table I-B) 


Three re^ 
covered 


JjTom me Joregomg it will he evident that the white-% can transmit both 
types oi leaf-curl from sann-hemp to tobacco, S.V.l and S.V.2 types mvimr rise 
to X and A types respectively in tobacco. Photographs of the tobacco plants 
in winch A ;^e was produced by experiment are reproduced in Plate VIII 
figs. Pigs. j-I are of the controls. 

The least amount of time tried for which the wdiite-fly was kept on the 
diseased^urce before it was capable of transmitting the disease wL twentv 
^ of positive results was obtained from September 

up to the middle of J^ovember, if the tobacco seedlings at the time of Mection 


Time of 
experiment 

Age of tobacco infect- 
ted (weeks). 

No. of white-flies and 
the period for which 
they fed on diseased 
sann-hemp 

Type of disease used 
as source 

No. of plants infected 

No. of plants which 
developed disease 

and their type 



No. 



1 



hrs. 




9th-llth Sept. 1937 

8 

6—14 

29 

S.V.l 

12 

10, X ; 2, 
D? 

Do. 

8 

7—14 

24 

S.V.l 

28 

2,X; 2. 

X ? 

27th Sept, to 1st 
Oct. 1937 

7 

9—27 

20—48 

S.V.l 

27 

22, X . 

27th-29th Sept. 

1937 

7 

10— 27| 
20—48 

S.V.2 

3 

2, A 

31st Oct. to 2nd 
Nov, 1937 

7 

5 — 25 
24—29; 

S.V.2 

27 

15, A 

25th-28th Nov, 
1937 

6 

8—7 ) 
24 

S.V.2 

25 

hA 

1 

1 
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were six to eight weeks old. During the second half of Norember and Decem- 

er even if the infected tobacco was of this age, the percentage of positive 
results was smaUer. positive 


_ Thus the results obtained in 1936 and 1937 clearly confirm those of 1935 
in that sann-hemp is an important host of some types of tobacco leaf-cur] 

and that the white-fly, Bemisia gossypiperda, can easily transmit the disease 
from sann-hemp to tobacco. 

IV. Transmission of the disease from tobacco to sann-hemp 

It has been shown above that the white-fly can easily transmit leaf-curl 
of both types (S.V.l and S.V.2) from sann-hemp to tobacco. Dmfing 1936, 
four series of experiments were performed to ascertain if this insect could 
transmit the disease in the opposite direction, viz., from tobacco to sann-hemp. 
The detailed particulars of the experiments are given in Table II-A. One 
to thu’ty white-flies were kept on diseased tobacco of A and other types for 
eight to forty-eight hours and were then transferred to healthy sann-hemp 
plants, nine to sixteen weeks old. Thirty-two plants were thus infected bet- 
ween the 12th of September and 6th of November. The sann-hemp seedlings 
under inoculation had been sown in the beginning of July. Only three infected 
plants (series III, No. 1-3) showed some reaction but none developed typical 
leaf-curl. 

The incidence of leaf-curl in sann-hemp crops at Pusa is very high during 
the last week of July and whole of August. For the disease which appears 
at this time, the infection probably takes place some time before the middle of 
July. The failure to transmit the disease from tobacco to sann-hemp in the 
experiments referred to above seemed to be probably on account of the fact 
that sann-hemp at the time of experiments (September-November) had passed 
the growth stage at which it was susceptible to the infection. We could not 
■perfonn any transmission experiments during July as no diseased tobacco 
for using as source was available before September. However, we kept by 
careful tending some diseased tobacco plants of 1936 for performing experiments 
on sann-hemp during July- August of the next year (1937), which are 
described below. 
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With the diseased tobacco plants of 1936 as source, four series of experi- 
ments were performed during 1937, full particulars of which are given in Table 
£I-B, and the results are briefly summarized in the following statement 

Main results of transmission experiments from tobacco to sann-hemp during 
1937 {detailed particulars in Table II-B) 
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From 'the above statement it will be clear that white-fly could transmit 
leaf-curl from tobacco back to sann-hemp, though the proportion of positive 
results (about 18 per cent) was much smaller than in the case of the transmission 
of the disease from sann-hemp to tobacco. The disease generally appeared 
three to five months after infection. A typical sann-hemp plant in which 
leaf-curl (S.V.2 type) was produced by experiment is illustrated in Plate 
VII, figs. 4 and 4a. 

It will be observed that when diseased tobacco used as source %vas of A. 
type, sann-hemp developed S.V.2 type and when it was X ot G type, it deve- 
loped S.V.l type, ^ 
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From the review of the results obtained in 1936 and 1937 it is evident 
that sann-hemp can get the infection from tobacco generally during July and 
August only, and that too in a small number of cases. As diseased tobacco 
is not in the field in North Bihar before the end of September or October, 
there is very little chance of this crop acting as a source of infection for 
sann-hemp. 

V. TbANSMISSION of the DISEASE FEOM SAKK-HEMP TO SANN-HEMP 

In 1936 two series of experiments were performed to ascertain if the 
white-fly could transmit the virus from diseased sann-hemp to healthy sann- 
hemp. The particulars of the experiment are given in detail in Table III-A. 
The first series consisted of twenty-four experiments in which four to twelve 
specimens of the white-fly kept on a diseased plant for twenty-four hours 
(between the 8th-13th October) were put on a healthy plant which was 
thirteen to fourteen weeks old at that time. Four out of twenty-four plants thus 
infected (Nos. 1, 7, 8 and 19) showed leaf- curl almost similar to that of the 
source. The disease took 57, 29, 27 and 136 days respectively to appear. In 
all the cases the side shoots of the plants also showed leaf-curl. The second 
series consisted of ten experiments in which eleven to twenty-seven white- 
flies which had been allowed to feed on diseased plants for nineteen hours on 
4-5th November were introduced on about four months old healthy plants. 
One plant (No. 9) showed leaf-curl on 6th December. Its side shoots were also 
diseased. 

Thus the white-fly could transmit leaf-curl from diseased to healthy 
sann-hemp, though the percentage of successful transmissions was rather 
low (10-16 per cent). 

In 1937 two series of experiments were again performed on the above 
lines to verify the results obtained in the previous year. The particulars 
of the experiments are set forth in Table III-B. In the first series, 
consisting of eight experiments, t 5 rpe S.V.l was used as source. Infections 
were done in the first week of September when the infected plants were about 
nine weeks old. Two to five white-flies were kept on a diseased plant for 
twenty hours before they were transferred to a healthy plant. Two out of 
eight infected plants developed leaf-curl after seventy-one and seventy-nine 
days respectively. 

In the second series, consisting of nine experiments, diseased plants of 
type S.V.2 were used as source. Other conditions, the number of white- 
flies used, the period for which they were kept on the diseased plants, the 
age of the infected plants, etc., were the same as in series I above. Two 
out of nine infected plants developed leaf-curl similar to that of the source 
after sixty-seven to seventy- two days. 

Thus the results of two years’ experiments show that white-fly can 
transmit leaf-curl of both types from sann-hemp to sann-hemp, but the per- 
centage of positive transmissions (10-20 per cent) is small. 
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VI. Transmission of the disease imw ' tobacco to tobacco 


To ascertain the role played by the white-fly in the transmission of leaf- 
curl of various types from diseased to healthy tobacco plants, seven large series 
of experiments were performed at different times during 1936, the particulars 
of which are given in detail in Table IV-A and the results are summarized 
briefly in the following statement : — 

Main results of the experiments performed for the transmission of leaf -curl 
from diseased to healthy tobacco during 1936 {detailed particulars in Table 
IV-A) 
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From the statement given above it will be noticed that tliongb on tlie 
whole the percentage of positive results obtained was rather low, white-fly 
could transmit all types of leaf-curl from diseased to healthy tobacco indivi- 
dually and synthetically. Furthermore, it is evident that the fly was most 
capable of transmitting the disease between the end of September and the 
middle of November and that tobacco was most susceptible to developing the 
disease if it was infected when about eight weeks old. Both the time of the 
year and the stage of growth of tobacco plants when the infections are made 
thereto have important influence on the development of the disease. The 
percentages of positive results from infections made during second half of 
September, October-November and December- January, were 12, 35-50 and 
12-18" 7, respectively, the tobacco plants under experiment being about 
seven to nine weeks old. In the case of infections under series (II), which 
were made between 8-15th October, but with twelve to thirteen weeks old 
tobacco, the percentage of positive results was 6 only. 

Tobacco plants in which leaf-curl of various types was developed by ex- 
periment are illustrated in colour in Plates IX-X, showing their characteristic 
features in detail. Figs. 3 and 4 are of the B and G tj^'pes, and Fig. 2 of the 
leaves of A type ; the A type plant was similar to that in Fig. 1 of 
which the source was sann-hemp. Figs. 8 and 7 are of X (synthetically produced 
from A-\-B-\-G -^D) and of true X (as occurs in nature) respectively. The 
differences between the appearance of the two plants are noteworthy, 
indicating that the composition of X type considered to be mixture of all types 
by Pal and Tandon needs accurate determination. 

In 1937 three large series of transmission experiments were performed 
to verify the results obtained in the previous year. In the 1937 season, how- 
ever, tobacco plants available for experiments were rather poor in growth 
and did not react to infection properly. It is widely recognised that for 
proper reaction to virus infection the infected plant must be growing actively 
[Smith, 1935]. Moreover, as plants in the field did not show leaf-euii up to 
the middle of October no infections could be made before that date. 
Particulars of the various series are given in Table IV-B. 

In the first series, seventeen infections using D type as source were done 
on nine weeks old seedlings. Four to nine specimens of white-fly which 
hail been allowed to feed on the diseased source for seven to twenty-four hours, 
were put on each healthy plant. In thirty-two to thirty-four days two out of 
seventeen infected plants developed the disease of X type. In the same series 
three plants were infected at the same time as the above, but with X type 
as source. Four to six white-flies were allowed to feed on diseased tobacco 
for twenty to twenty-four hours. None of the infected plants developed 
leaf-curl. 

In the second series thirty-five infections were done in the beginning 
(5-9th) of November, using different types of disease as source. Only two 
infected (with G type) plants developed disease in t'wenty-five and thirty 
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The third series consisted of twenty experiments in which five to thirteen 
white-flies which had fed on diseased Ageratum for tweiity-foiir to forty-four 
hours were nsed per plant. The infections were done in the first w^eek of 
NTovember. Between twenty-four and thirty-three days, four of the in- 
fected plants developed leaf-curl of D type. 

The fourth and the last series of experiments consisting of thirty in- 
fections was performed on six weeks old tobacco seedlings. One to eight speci- 
mens of white-fly were used per plant. They were kept on diseased 
AgeratuM for twenty-four to forty-two hours. In the course of nineteen to 
thirty-two days, twelve of the infected plants developed leaf-curl of typical 
D type. 

From the foregoing it will be evident that Ageratum conyzoides is an 
important alternate host of the tobacco leaf-curl virus D and that white-fly 
can transmit the disease from this host to tobacco very easily. In some 
of the experiments described above the percentage of positive result was as 
high as 60. It may be recalled that Thung [ 1934] working in Java also 
successfully transmitted leaf-curl virus from this weed to tobacco with a 
white-fly as vector, though the highest percentage of positive mfections 
obtained by him was about 18 only. Massop [ 1932 ] also suspected a species 
of Ageratum to be a host of tobacco leaf-curl virus in Rhodesia. 

VIII. Transmission of the disease from tobacco to 
Ageratum coryzoidbs 

Having successfully transmitted the disease from Ageratum to tobacco 
with the help of white-fly, it was natural to ascertain if the disease could 
be transmitted back from tobacco to Ageratum, Therefore about the end 
of October (29-30th), 1931, a series of experiments was performed for this 
purpose. The particulars of the experiments are detailed in Table VI. The 
weed which had been specially grown for experimental purposes was about 
eleven weeks old at the time of infection. Two to nine specimens of 
white-fly were allowed to feed on diseased tobacco of D type and then trans- 
ferred to a healthy seedling of the weed. Nine infections were made in 
this way. In fifteen to forty-seven days all the nine infected plants de- 
veloped leaf-curl resembling that wdiich occurs in the field (Plate VIII, fig. 4). 

'IX. Transmission of the disease from Ageratu3a conyzoides to sann- ■ 

HEMP AND BACK TO THE WEED 

Sann-hemp and Ageratum haNimg definitely proved to be alternate hosts 
of tobacco leaf-curl, infections wnre made to determine the relationsliip of 
the viruses in the two alternate hosts. In the first week of September 1937, 
eighteen sann-hemp plants about nine weeks old "were infected. Two to 
seven white-flies which had been allowed to feed for eighteen to twenty-three 
hours on diseased Agerahim were put on each sann-hemp plant. In seventy- 
two to seventy-eight days two infected plants developed leaf-curl of S.V.2 
type (Table VII). In one case side shoots also showed the disease. 
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On 11th and 12tli October 'two series, of experiments were performed 
to determine if the disease could be transmitted by white-fly from sami- 
lieinp (of both S.V.i and S.V.2 tj^Q) to Ageratum. Twenty out of twenty- 
one infected plants of the weed developed typical leaf-curl in 38-100 days 
(Table VIII). In Plate VIII, figs. 2 a-6, photographs of some of the plants 
in which the disease was produced by experiment are reproduced. 

X. TbANSMTSSION of the VIBirS FROM DISEASED WEED 
I [AgERATUM CONYZOIDBs) to healthy weed 

Experiments were also performed to ascertain the role of white-fly 
as a transmitter of the vhms from diseased to healthy weed. Twenty-four 
infections were made during the month of October 1937, using five to eleven 
specimens of the white-fly per plant, which had been allowed to feed on 
diseased weed for about twenty-four hours. In thirteen to seventy -one 
days, twenty- three out of twenty-four infected plants developed leaf- curl 
similar to that which occurs in nature. The particulars of the experiments 
are given in detail in Table IX. In Plate VIII, figs. 3 a-b, photographs of 
some plants in which the disease was produced by experiment and of two control 
plants (figs. 3 c~d) are reproduced. 

Thus the experiments described above clearly show that Ageratitm 
conyzoides is a very important alternate host of the tobacco leaf-curl virus 
and that white-fly can easily transmit the virus from this weed to tobacco 
and sann-liemp and back from these hosts to the weed as well as from diseased 
to healthy weed plants. 

XI. Number OF white-flies and their period of feeding on diseased 

SOURCE NECESSARY FOR THE TRANSMISSION OF LEAF-CURL AND THE 

INCUBATION PERIOD OF THE DISEASE INSIDE THE PLANT 

We have not yet performed exact experiments to ascertain the minimum 
number of white-flies and the period of their feeding on diseased source which 
are necessary for successfully transmitting leaf-cuii to tobacco, sann- 
hemp BYidi Ageratum, Similarly, no special experiments have been performed 
to determine the nlinimiini and maximum incubation periods of the disease 
inside the infected plants at different times of the year. However, the de- 
tailed particulars of the numerous experiments which are given in Tables 
I-IX, and which have been summarised in the previous pages, throw some 
light on the factors named above. The particular experiments under various 
series which give information about these factors are incorporated in the 
statements given below. The minimum number of white-flies tried and 
found successful in transmitting the disease to various hosts is shown in 
colnmii 5 of the statements. The minimum period of time tried for which 
the known number (given in colunn 4) of white-flies fed on diseased source 
and transmitted the disease is shown in column 7, the minimum and maximum 
incubation periods of the disease inside the various plants are stated ill CGlumns 
9 and 10. It was noticed that when the number of white-flies under trial 
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was the TniniTYrnTn , the period for which they fed to become viruliferous 
was not necessarily the least, neither was so the incubation period. Therefore 
for each pair of plants (the source and the infected plant) generally four 
experiments give the necessary information about the four factors named 
above, viz., minimum number of white-flies tried, minimum period of feeding 
tried, minimum and maximum incubation periods of the disease. In a few 
cases only one experiment was found to give information about more than 
one factor. In such cases two or three experiments give the necessary 
information and have only been included in the statements. In the case 
of crops like tobacco and sann-hemp which have more than one type of 
leaf-curl, information on the factors referred to above is given separately 
for each type. The data given in the statements are briefly summarized 
below 

Transmission of the disease from sann-hemp to tobacco {Statement I) 

The least number of individuals tried which successfully transmitted 
the disease of S.V.2 type was five. They had been kept on the diseased 
source for twenty-five hours and the incubation period of the disease in this 
case was thirty-six days which proved to be the maximum for this type. 
The TniniTnu -m period of feeding on diseased source in the case of successful 
transmission was 20| hours, the number of specimens used being ten. A 
smaller number was not tried. The minimum incubation period was eleven 
days and was so in the case of the experiment in which the white-flies had 
fed for the minimum period. 

With diseased sann-hemp of S.V.l type as source, the least number of 
specimens tried which successfully transmitted the disease was six. The 
minimum period of feeding was 18| hours, using seventeen individuals. The 
maximum and minimum incubation periods were eighty-four and eight 
days respectively. It is noteworthy that in the case of both types the mini- 
mum incubation period of the disease inside tobacco was noted when the 
plants were infected towards the end of September (27-29th September, 1937). 

Transmission of leaf-curl from tobacco to sann-hemp {Statement I) 

Type A. — The minimum number of white-flies tried and found success- 
ful was two. They had fed for about seventeen hours. The minimum 
feeding period successfully tried was thirteen hours, using three specimens. 
The incubation period varied between 53 and 1 12 days, the time of infection 
being from the end of July up to end of August. 






Md i'HE INDIAN jOUENAL OF .AGEICULTDEAL SCIENCE ' [IX, U 

Type X. — The minimum number of white-flies tried which successfully 
transmitted the disease was three. Tliej^ had fed for eight hours and the 
incubation period in that case was 122, which -was the maximum for this 
type. The minimum feeding loeriod tried was six hours, the luiiiiber of in- 
dividuals used being three. 

Tran^ission afthe disease from sann-hemp to sann-Jiemp [Statement I) 

The minimum number of specimens tried and found successful was two- 
They had fed on diseased source for twenty hours. The niinimiim period 
for which white-flies were fed and transmitted disease was nineteen hours. 
A shorter feeding period was not tried. The incubation period varied between 
27 and 136 days. 

Transmission of the disease f rom tobacco to tobacco [Statement II) 

Type — The least number of individuals tried and found successful 
was three. They had fed for eight hours, which was the minimum period 
tried, for this type. The incubation period varied between seventeen and 
ninety-four days, the minimum and maximum being with the infections 
done in the beginning of February and during December respectively. 

Type B. — The minimum number of white-flies tried and found success- 
ful was six. They had fed for twenty-four hours. The minimum feeding 
period tried wus six hours, using six to seven individuals. The incubation 
period varied betw^een 18 and 110 clays, the minim am again being in the 
ease of the infection which was done in the beginning of February. 

Ty2'>e C.— The minimum number of specimens and the miiiimiini period 
of feeding tried and found successful w^ere five, and five hours respectively . 
The incubation period varied between tw^elve and fifty-nine days, the minimum 
and maximum being in the case of the infections done in the end of October 
and during December respectively. 

Type D. — The least number of specimens tried tvhich transmitted the 
disease was four. ' They had fed for six hours, which was the minimiim period 
tried for this type. The incubation period varied bet\reeii twenty and 
ninety-four days, the minimum and maximum being in the case of tlie in- 
fections w^hicB. were done in the -beginning of February and during December 


When the disease w^as produced sjmtlieticalty by feeding the white-fly 
-on types A, B, 0 and D successively, the iiiiniiniim niiiiiber of specimens 
wdiich were tried ' and transmitted the disease was thirteen, tl'.Ve minimiim, 
feeding, period tried being six hours on each type. T.he incubation . period 
varied betw^een 37 and 140 days. 

From the foregoing it will be clear that as few as twm flics could siiceess- 
fully transmit the disease. The minimum feeding period tried giving rise 
to successful transmission Avas five lioiirs. The incubation peiiod varied 
from 12 to 140 days, the minimum and maximum being generally in the case 
of those infections which were done in the beginning of February and during 
December respectively. 
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Cultivated plants 
"^ Althaea rosea {hollyhock) 
Cannabis sativa [ganja) 

Hibiscus cannabinus 
H, esculentus (lady’s fingers) 
Gossypium herhacemn (cotton) 

Cucumis sativa (cucumber) 

(7. melo (melon) 

Lagenaria vulgaris (bottle gourd) 
Trichomnthes dioica 
"^Lycopersictmi esculenhmi 
Nicotiana glauca 
N, rustica 
N. glutinosa 
Capsicmn annmim 
Solanum tmberosum (potato) 

8. melogena (brinjal) 

Glycine Mspida (soya bean) 

^ Pliaseolus calcar atns 
P. radiatus (green gram) 

P. mungo (black gram) 

Aledicago sativa (lucerne) 

Tnfolium alexandrimmi (bei'seem) 
Zinnia elegan^^ 

Pehmia 


Wild plants 

Hibiscus rosasinensis (shoe flower) 

* 8ida rhombifolia 

Nicotiana plumbaginifolia (wild to- 
bacco) 

"^Solanuni nigrum 
8. verbasiofolium 

* Datura stramonium (datura) 

Launea asplenifolia 
Duranta plumieri (duranta) 

Euphorbia hirsiifa 
Anisomeles ovcita (wild bur) 

Nepeta ruderalis 

Scoparia dulcis 

Venionia cinerea var. antMmentica 
(Jcimum sancinm 
Ocimum basilicum. 
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Cultivated plants 
Afoohis Jiypogea (groundnut) 

Gajamis cajan (red gram) 

Luffa acutangula {ribhed gomd^ 

CuGiirbita maxima (pumpkin) 

As is well known this white-fly is a serious pest of cotton in the Punjab, 
Husain and Trehan [ 1936 ] have given a complete list of its host plants 
in that province. However, this white-fly is not reported to cause leaf-curl 
in cotton or tobacco in the Punjab. Whereas cotton has been carefully 
examined for leaf-curl, a survey of tobacco areas for the incidence of leaf- 
curl is warranted, as one of us (H. S. P.) has recently observed a crop of tobacco 
badly affected by leaf-curl of all types near Agra in the western United 
Provinces. 

XIII. Discussion and conclusions 

From the observations described in the previous pages the folio wing- 
conclusions can be drawn : — 

Sann-hemp is an important alternate host of the tobacco leaf-curl viruses 
A and X, the two viruses causing different symptoms in sann-hemp, giving 
rise to two types of disease, which have been designated as S. V. 1 and S. V. 2 
in the paj)er. White-fly, Bemisia gossypiperda, can easily transmit 
both types of disease from sann-hemp to tobacco. 

Though white-fly can transmit leaf-curl from tobacco back to sann 
hemp, it does not however seem to be a very efficient vector in this respect 
Moreover, in view of the fact that the times of growth of the two crops 
are different, tobacco does not seem to serve as a soui’ce of infection for the 
disease in sann-hemp. 

The weed Ageratum mnyzoides is another important alternate host of 
tobacco leaf-curl, especially of D type. White-fly is capable of easily 
transmitting the disease from this host to tobacco. White-fl}?^ can also 
easily transmit the disease from tobacco back to the -weed. Sometimes 
100 per cent positive transmissions were obtained. White-fly is eapable- 
also of easily transmitting the disease from sann-hemp to A, conyzoides, though 
it cannot transmit the disease back to sann-hemp so easity. 

Regarding the role of white-fly as a vector of leaf-curl from diseased 
to healthy tobacco, the results of two yeans’ experiments show that w hite- 
fly could transmit the disease only in a few cases. Therefore, it appears 
that in nature diseased tobacco is not an important source of infec-tioii 
for healthy tobacco, and that the alternate hosts referred to above, viz,, 
sann-hemp and A. conyzoides seem to play a much more important part in 
this connection. These two hosts harbour leaf-ciuT viruses .4, 1) and X types ; 
the alternate hosts, if any, for B and C types remain yet to be (lisi*oN'ered. 
In Java also it has been shown [ Tliung, 1932 ; 1934 ] that the chief vsoiirce of 
infection to tobacco lies outside the crop. 

It appears that tobacco is most susceptible to getting the infection if 
it is about eight weeks old and if the infection takes place in autumn or in 
February. Sann-hemp is most susceptible during July and xAugust, when 



LEAF-CUkL DISEASE OF.TOBA'COO IN NOBI^HEfeN INDIA, III 





!P#': 


%■ 



MS 


it is about two to three months old. Wille [ 1928 ] working on ‘ leaf-crinkle ’ 
of sugar beet also concluded that the disease is very much influenced by the 
age of the host plant, while Spencer [ 1938 ] has recently observed seasonal 
variations in susceptibility of tobacco to infection with tobacco-mosaic virus. 
Eegarding the autumn and spring seasons being more suitable than winter 
for the infection of tobacco it is likely that the air temperature and humidity 
prevailing during these seasons are conducive to the development of the 
disease. In this respect the case of tobacco leaf-curl seems to be similar 
to that of mosaic disease of some Cruciferae in the United States, which is 
very severe if the temperature is 70'^-80^ F., whereas at 55°-65°F. even more 
susceptible hosts cease to show mosaic symptoms. It may also be recalled 
that 'yellow' dwarf’ of potatoes in America develops severe symptoms at 
25^0.5 while no symptoms appear at 15%l [ Goss and Peltier, 1925 ]. The 
'curly top’ of sugar beet also behaves similarly [Smith, 1933]. Grainger 
[ 1936] has recently observed the same phenomenon in the case of tobacco 
mosaic. However, there are numerous cases on record [ Smith, 1933 ] in 
which opposite is the case, m., low temperatures accentuate the symptoms 
of the disease, whereas higher temperatures suppress them. 

The incubation period of the disease inside the infected plant seems to 
be connected wdth the c|uestion of the accentuation or suppression of the 
symptoms of the disease discussed above. It w^as noticed that with the age 
of infected tobacco remaining the same, the incubation period was generally 
minimum if the infections w^ere done during September and October or in 
February wdien the air temperature starts rising at Pusa. The incubation 
period was generally the maximum if the infections ware done during De- 
cember. Spencer [ 1938 ] has recently found the same in the case of tobacco- 
mosaic virus. Apart from air temperature affecting the plant, it is quite 
likely that white-fly is most viruliferous at these times of the year, which 
again may be due to several environmental factors including temperature 
and humidity. Storey [ 1933 ] attached great importance to the influence 
of weather condition on the ability of the insect vector to take up and 
transmit viruses. 

We have not performed exact experiments to determine the length of 
time necessary for white-fly to feed on the diseased host for successfully 
transmitting the disease to healthy host, but the general transmission ex- 
periments show^ that W'hite-fly can transmit the virus after five to six 
hours’ feeding, shorter periods not having been tested. Kirkpatrick [ 1931 ] 
found this period to be about 4|- hours in the case of the white-fly ( Bemisia 
sp.) which spreads leaf-curl of cotton in Sudan. Storey [ 1928 ] slmved 
that the leaf-hopper Cicadulina mbila could acquire the maize streak virus 
after one hour’s feeding, whereas Doolittle and Walker [ 1928] concluded 
that Aphis gossypii could pick up the cucumber mosaic virus after feeding 
for five riiinutes only. Recently, Watson [ 1936 ] has obtained the highest 
proportion of infection after two to five minutes feeding by Myzus persioae 
on the infected plants. 

We could not perform any experinaent during the hottest season of the year (April - 
J une) as tobacco crop is not grown at that time in Bihar. 





PLATE VII 



o^tmi-nemp plant suflenng feom leaf-curl of S. V. 1 type 
Sann-hemp plant suffering from leaf-curl of S. V. 2 type 
Leaf of the same, magnified , 

A leaf of a typical sann-hemp plant, free from leaf-curl, : 
Sann-hemp plant in which leaf-curl was produced hr er 
diseased tobacco (A type) as source of infection ^ ' 

Leaf of the same, magnified 

A twig of Ageratum cmyzoides suffering from leaf-curl 
A leaf of the same, enlarged 
A leaf from healthy twig 
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1. A series of tobacco plants 
experiment with diseased sann- “ 
control plants 

2. Pbotos of some Ageratum plants (a — b) in wMch leaf-curl was produced b 
experiment, with diseased sann-bemp as source of infection 

3. Ptotos of 8om& Afferatum plants (ar-b) in which leaf-curl was produced fa’ 
experiment, with diseased Ageratum as source of infection ; plant® c and < 
are controls of these as well as of the plants in Fig. 2 above 

4. Photo of an Ager^um plant in which leaf-curl was produced by experiment 

with diseased tobacco as source of infection. ^ 


, in which leaf-curl was produced by 
hemp as source of infection, j & k two typical 
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PLATE IX 


1. A tobacco plant in which leaf-cnrl of A type was produced by experiment 

witli diseased sann-liemp as source of infection 

Lower side of a leaf of tie same— note tHe cup-shaped enations 

2 & 2a. Lower and upper sides of the leaves of a tobacco plant in wMch leaf-curl 
of A type was produced using similarly diseased tobacco plant as source of 
infection 

3. A tobacco plant in which leaf-curl of B type was produced by experiment 
with similarly diseased tobacco plant as source of infection 

4. A tobacco plant in which leaf-curl of C type was produced by experiment 
with similarly diseased tobacco plant as source of infection 

5. The white-fiy, Bemisi^ gossypiperda, laying eggs on a tobacco leaf 
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PLATE 'X 

6. A tobacco plant in which leaf-curl of D type was produced by experiment 
with similarly diseased tobacco plant as source of infection 

6-a. A leaf of the same, mhgnified 

7 . A tobawo plant in which leaf-curl of Z type was produced, xvith a similarh' 
aliected tobacco plant as source of infection 

8. A tobacco plant m which leaf-curl was produced by experiment with tobacco 
plants suffering from J, B, C and D types as source of infection 

8-a. Lower surface of a leaf of the plant in Fig. 3, magnified (Note the 
promuient enations) ^ 
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PLATE X 






Ifone of the controls of the various series developed leaf-curl disease 






Table I-B — contd. 
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Table II-A 

Particvlar, of exp>nm^ perform^ to the disease Jrom Icbac^ f„ i.ri^ 1936 




11 B I Positive ; tyi)e S. 



117 I Positive ; type 8, V, 
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None of the controk of the various series developed leaf-curl disease. 




ITone of the control? in the various series deYelQi>edleaf'eiirI disease 


Table IV-A 

Partimilars of experimmts perforimd to transmit the disease from lobacca to tobacco divring 1936 
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Kone of the controls of the various series developed leaf-curl disease. 
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Hone of the controls of the series developed leaf- curl disease. 


Table VII 

Particulars of Experiments 2}e.rformed to transmit the disease front, Ageratum conyzoides to sann-hemp 
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K'one of the controls of this series developed leaf-curl disease. 


VIII 



None of the controls of this series developed leaf-cnrl disease. 




THE PHYTOPHAGOUS CHALCIDOII), EVRYTOMA 
SAM'SONOVI VAS., A SEEIOUS PEST OF 
APRICOT AND SOME OTHER FRUITS 

IN INDIA 

BY 
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(With Plate XI) 


Inteodtjction 

Chalcidoidea are well known as important parasites of insect pests. 
The phytophagous or plant feeding habits of certain families of this group, 
although seriously doubted at one time, are now fully established and nume- 
rous species are reported to be serious pests of some important cereal crops 
and fruits in various parts of the world. The notorious jointworm of wheat, 
Harmolita tritici (Fitch.) is widely distributed in the United States of America 
and several European countries, while Eurytoma amygdali End. infests almond, 
plum and prunes in Cyprus, Syria, Palestine, Italy, Russia, etc. The whole 
family Agaonidae on account of their food plants are known as fig insects, 
while a large number of Torymidae and Eur;^omidae infest seeds, grains and 
several cultivated grasses [Crossbj^, 1909]. Gahan [1922] listed all the 
phytophagous Chalcidoidea excepting fig insects, and the species enumerated 
by him belong to as many as six families. Since 1922 a large number of new 
phytophagous forms have been discovered in several parts of the world. 

The species included under the Chalcidoid families referred to above have 
a variety of feeding habits. Some genera like Eurytoma, TetrasticJms, 
etc., include both parasitic and phytophagous species [Phillips, 1927 ; Ishii, 
1931 ]. There are some species which in the early stages of their development 
attack other insects and are thus parasitic, and complete the rest of their life- 
cycles on plant tissues [Phillips, 1927 ; Puzanov-Malyschev, 1936], 

In India, besides the fig insects, only two phytophagous Chalcidoids are 
known to exist, viz,, Eurytoma samsonovi Vasiljev, which attacks apricot, 
peach, etc., in the North-West Frontier Province, and BruchopJiagus mellipes 

’*‘The work of Mr. Batra incorporated in this paper was done by him when he was a 
post-graduate student in Entomology at the Imperia Agricultural Research Institute, 
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Gohar, feeding on agathi and daincha (Sesbania aegyptica) in Bihar and South 
India. Of these, E. samsonovi is the most important and the history of its 
discovery is rather long and interesting and is described below : — 


Biscoveey of Eurytoma samsonovi in India and a eeview of 

ALLIED PESTS IN OTHEE PAETS OF THE WOELD 

In May 1910, Mr. Robertson Brown, Agricultural Officer in the North- 
West Frontier Province, sent a consignment of infested green apricots to the 
Imperial Entomologist for the identification of the pest concerned and sugges- 
tions for its control. Soon after the pest larvae were taken out of the fruits 
in the Insectary at Pusa, they died and at the request of the Imperial Entomo- 
logist another consignment was received in 1911. The material was carefully 
reared and a number of adult Chalcidoid wasps emerged between the 25th 
March and the middle of April. The specimens belonged to the family Eury- 
tomidae, but as very few phytophagous Eurytomids were known at that time, 
they were taken to be the parasites of the real pest, and search for ‘ the pest ’ 
continued. Infested fruits were kept under observation at Pusa during 
1915-16, and agam in 1926-27, but nothing except the Eurytomid emerged. 
This and the fact that by that time several. Eurytomid pests had been ffis- 
covered in other parts of the world gave rise to the idea that perhaps the 
so-called parasite was the real pest and therefore the Imperial Entomologist 
sent one of his assistants to the North-West Frontier Province to investigate 
the biology of the Chalcidoid at the spot. As a result of this investigation 
it was found that the Eurytomid itself was the real pest and the specimens 
were subsequently identified through the courtesy of Mr. Howard of the 
United States of America as EuTytoma samsonovi Vas. This species was 
originally described from Central Asia in 1915 where it is a serious pest of 
apricots, some plums and prunes, etc. [Vasiljev, 1915]. 

During 1928 the pest was studied in some detail in the Insectary at Pusa 
and a brief account of the work was pubhshed in the Report of the Imperial 
Entomologist for 1928-29 [Fletcher, 1930]. In 1934 when the junior author 
(H. N. B.) was working as a post-graduate student at Pusa, he visited the 
North-West Frontier Province and took observations on this pest in the field. 
In 1937 the Imperial Entomologist himself studied the pest in the field and 
in the spring of 1938 sent his assistant, Mr. H. L. Bhatia, to make observa- 
tions on some points that were still obscure. The results of the studies carried 
out during different periods since 1910 are summarised in the following pages. 

Before describing Eurytoma samsonovi, a brief account of the pests be- 
longing to genus Etirytoma and to the other Indian genus, Bruchophagus. 
which occur in other countries may be given. Several species of Eurytoma 
occur in different parts of the world and attack several kinds of fruits, seeds, 
stems of plants, etc. Their life and seasonal histories in general are alniost 

similar. The more important pests are listed below 





BLAXB XI 


Eurytoma samsonori Yas. 

Fid. 1. Young grab 4-5 days old (X6) 

2. Full-grown grab ( X 6) 

3. Mouth parts of the same, note the powerful mandibles (X 32) 

4. Section of apricot fruit, showing the seed, the kernel of which has been 
eaten out by the grub but whose covering (testa) is still intact (Xl) 

5. Same, with the testa ruptured, showing the grub inside {X2) 

6. Infested apricot fruit (Xl) 

7. Same, out of which the adult Chalcidoid has emerged by boring a hole ( X 1) 

8. & 9. Pupa and adult female (X 6) 

10 & 11, Pupa and adult male (X 6) 

Ma-h, Antenna and mandible of the male ( X 40) 
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Eurytoma amygdali End. — very serious pest of almonds in Cyprus [Mor- 
ris, 1930], Syria, Palestine [Aharoni, 1916], Bulgaria, Italy, and also a pest of 
apricots, plums and prunes in Russia [Puzanov-Malyschev, 1930; Vodins- 
kaya, 1932]. 

E. orchideamm Westw. — ^A pest of orchids (Oattleya spp.) in Holland 
[Van Poeteren, 1932]. 

E. plotniJcovi Niks. — ^Attacks Pistaciu spp. in Russia [Nikol’skaya, 
1935]. 

E. fellis Gir. — Causes galls in citrus stems in Queensland, New South 
Wales [Noble, 1933]. 

E. oncbrychidis Niks. — Infests seeds of OnobrycMs saliva in Russia 
[Nikol’skaya, 1933]. 

BruchopJiagm gibbus Boh. — Infests clover seeds in Europe and America 
[Sorenson, 1935], lucern and alfalfa seeds in Russia [Ponomarenko, 1934; 
Nikol’skaya, 1932]. 

Seasonal history and nature oe damage 

The adult Chalcidoids appear in the orchards in the plains of the North- 
West Frontier Province during the second half of March, while at higher 
localities such as Parachinar their emergence is delayed up to the middle of 
April. At Haripur, in 1938, it made its appearance about the 20th March 
when the apricot fruits were yet of the size of small almonds. March 1938 
was unusually wet and cold in that area and no copulating individuals were 
observed till the end of the month. Copulation generally took place while 
the individuals were flying in the air. 

The exact method of oviposition has not yet been observed but it appears 
that the eggs are laid on the endocarp (stone) or inside the young seeds which 
is stiU tender. The female pierces the fruit with the help of its ovipositor. 
The young grubs on hatching work their way in and feed on the soft kernel 
of the seed. A parcel of raw apricots received from Haripur about the 20th 
April contained young grubs, 4 to 5 days old, feeding on the seed kernel. 
The young grub is translucent-white in colour and has a soft body but stron<y 
mouth, parts (Plate XI, fig. 1). It voraciously feeds on the kernel leaving 
its coat in tact, which consequently presents a shrivelled and papery appear- 
ance (Plate XI, figs. 4 and 5). On account of the young seed having mostly 
been eaten away, the infested fruit looses its fresh green colour, becomes 
dark grey, shrivels up, and with even moderately strong breeze falls off the 
tree (Plate XI, fig. 6). Of about 1,200 fruits picked up from under the trees 
at Haripur during May 1938, about 85 per cent contained young grubs. 

The fallen fruits get hardened and in many cases their pulps decompose, 
making the stones bare but the grubs continue to feed on the kernel inside 
the stones throughout the summer and are full grown in September and Octo- 
ber. The ftdly fed grub (Plate XI, fig. 2) is very plundip and fleshy and lies 
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curved up inside the seed. On the onset of winter the grubs go into hiberna- 
tion and remain in this condition up to about the end of February when pupa- 
tion takes place. The pupal period is two to three weeks and is also passed 
inside the seed. About the middle of March the adults emerge and leave the 
dry fruit by gnawing a clean hole through it (Plate XI, fig. 7). The cycle as 
outlined above is then repeated. 

From the foregoing it will be noticed that the grub (larval) stage lasts 
for nine or ten months out of about one year in which a life-oycle is 
completed. Sometimes the grubs do not pupate next spring but pass the 
second summer and winter in the same stage. This happened at Pusa when the 
pest was being studied during 1916-17. In May 1937 a collection of about 
450 infested fruits was obtained from Peshawar and Haripur and was kept in 
the Insectary at New Delhi. In the spring of 1938 while adults successfully 
emerged out of about 40 per cent and the grubs inside about the same number 
were found dead, in th e remaining 20 per cent the grubs did not pupate and were 
still afive in August 1938. Probably they will pupate next spring. Thus, 
while normally a life-cycle takes about one year for completion, sometimes it 
extends over two years, most of the period being passed in the grub stage. 

The seasonal history described above is roughly similar in broad outline 
to those of other Eurytomid pests which occur in Europe and America, though 
of course the actual times of the appearance of the adults in orchards and of 
hibernation of the grubs depend on the climate and weather conditions pre- 
vailing in different countries [Phillips and Poos, 1921 ; James, 1927 ; Puzanov- 
Malysohev, 1930 and 1936 ; etc.]. 

Desceiption of VARIOUS stages in the life-histoey 

As already stated, the eggs of Eurytoma sartisonovi have not yet been 
observed. The young grub (Plate XI, fig. 1), about four or five days old, is 
about 2" 5 mm. long. It is thick in the middle and tapering towards the two 
ends of the body, the breadth in the thickest part being O’ 75 mm. It is 
greyish in colour but the mouth parts are brown on account of heavier chitiniza- 
tion. The body is almost transparent, therefore, the course of the alimentary 
canal with its coloured contents can be easily made out. The grub invariably 
remains in a curved position, is legless and its head is always retracted inside 
the prothoracic region. The full-fed grub (Plate XI, fig. 2) is very large and 
plump, measuring about 7 -fix 3’3 mm., otherwise it does not differ in appear- 
ance from the young grub. Nine pairs of spiracles which are brown in colour 
and circular in outline, can be easily made out in the lateral sides of its body, 
which have also four to five rows of small spines or setae in the thoracic 
region and three to four rows in the region of the abdomen. 

The pupae are dimorphic, the female pupa measuring 6-5 x 2-5 mm., 
being brown in the abdominal region and the male being smaller (6’5x 
2mm.) having almost a dark body (Plate XI, figs. 8 and 10). However, 
freshly formed pupae of >pth sexes are much brighter in colour. The adults 
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(Plate XI, figs. 9 and 11) like the pupae are dimorphic. The female is bigger 
(7 ' Ox 1 ‘ 75 mm.) and much brighter in colour than the male, which measures 
about 5x1*5 mm. The eyes in both sexes are of beautiful red colour and the 
bodies are finely pubescent. The abdomen of the male is proportionately 
much smaller as compared to the thorax than it is in the female. The ocelli 
are almost in a straight line in the male, whereas they form a triangle in the 
case of the female. The antennae are geniculate as is usual in the Chalcidoidea, 
but are very different in the two sexes. The structure of the male antenna is 
almost similar to that of Ho/rmolita graminicola Gir., described by James 
[1926]. Its scape (Plate XI, fig. 11a) is shorter and stouter than in the female. 
The fiiniculus consists of eight segments exclusive of a small ring-like joint 
between the first and second segments. The whole length of the funiculus is 
covered with sensony pits and setae or sensilli, the latter being longer and 
more numerous in the male than in the female. The mandibles (Plate XI, 
fig. 116) are well developed, subtriangular in outline. Each mandible has 
a pair of sharp teeth close to which there is a pad-like chitiiious ridge which 
has a crushing function. 

Distkibutioisx food plants and economic status 

The most favourite host of Eurytoma sarnsonovi is apricot fruit. Peach 
and plum fruits are also attacked to some extent. The pest is widely distribut- 
ed in the Xorth-West Erontier Province including the liilly areas, Para- 
chinar, etc,, but is serious in the plains only. It is especially bad in the Hazara 
district, the home of apricot fruits. In this locality, according to the report 
of the Director of Agriculture, as much as 70 per cent of the fruit gets attacked 
and falls off the trees. In the Haripiir tehsil alone about 400 acres are under 
apricot orchards, containing about 70,000 trees. The average yield per tree 
is about two maunds, fetching about Rs. 5 per maund. IJie loss, even if 
only 50 per cent fruits fall off, works out at about four lakhs of rupees per 
annum. The extent of loss caused by the pest in the whole of the Province 
can therefore be easily imagined. 

Several varieties of apricots are cultivated in the North-West Erontier 
Province and all of them are not equally susceptible to the attack of this pest. 
The Komi variety which is the earliest to mature and fruits most profusely 
is most heavily attacked. Fortunately this variety^ is not highly priced. 
The la test variety, la6toi, which is the most delicious and sells at about Rs. 10 
per maund suffers the least, about 10-20 per cent of the fruits being only affect- 
ed. The other varieties, Aowei, sufeda and lalla7i are intermediate in value 
as well as in the loss sustained. 

It is of interest to record that one of us (H. S. P.) looked for this pest 
ill the apricot orchards of Baluchistan in the summer of 1937, but found all 
localities free from it. There is also no report of the pest on any fruit in 
Kashmir, therefore its only habitat known at present is the North-West 
Erontier Province. 
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COOTROL MEASURES 

111 view of the nature of the life-history which indicates that the pest re- 
iiiaiiis in grub stage inside the fallen fruits for about nine months in the year, 
the Imperial Entomologist suggested to the Agriciiltiiral OjBfieer of the North- 
West Frontier Province that he should get all the fallen fruit collected and 
destroyed in some orchards and watch the incidence of the pest in the succeed- 
ing years. This method -which does not involve much expenditure was tried 
by Mr. Robertson Brown in 1930 and found very effective. 

After Mr. Robertson Brown’s retirement, the control measure was tested 
on a large scale under the direction of Col. Noel, wdio stated in a letter to the 
Imperial Entomologist in 1935 that the campaign had resulted in a very con- 
siderable reduction of the pest. ” We understand that a fruit grower in 
the Haripur tehsil who had got only 45 mds. of fruit from his orchard in 
1932, but had collected and destroyed all the fallen fruit during the summer of 
that year, got as much as 135 mds. from the same orchard next year. 

In 1937, when the senior author visited Peshawar and met CoL Noel, 
the latter again spoke of the efficacy of the method and told him that he was 
moving his Governiiient to introduce legislation to make it obligatory for 
owners of orchards to collect and destroy all fallen fruit under penalty of a 
fine. 



Summary 


1. Several species of phytophagous Ciialcidoidea occur as pests of wheat, 
figs, clover seeds, almonds, pistachio, orchids, etc., in various parts of the world. 

2. Eiirytoma samsonovi Vasiijev, w'hich attacks apricot, peach, etc., in 
the North-West Frontier Province, was first bred out from infested apricots 
in 1911, but it was not till about sixteen years later that its exact status as a 
pest of apricot and other fruits in the province w^^s determined. 

3. Observations on the biology of this insect were made in the North- 
West Frontier Province, from time to time, since 1928. In the plains, the 
adults appear early in spring, copulate and the females oviposit inside the 
young seeds of apricot and other fruits. The grubs feed throughout the 
summer and hibernate in winter at the end of which pupation takes place. A 
proportion of the grubs fail to pupate and continue as grubs through tlie 


It is interesting to record that in the case of Eurytomid pests in other 
countries also, e.r/., Cyprus, Russia, Queensland, etc., control measures almost 
similar to those described above are being advocated [MoiTis, 1930 ; Vodins- 
kaya, 1932 ; Noble, 1933 ; etc.]. 

As regards natural enemies, Nikol’skaya [1932, 1933, 1935] has recorded 
several parasites of Eurytomid pests {Eurytoma spp., Bmchophagiis gibbMS) 
in Russia, and Phillips and Poos [1921] have done the same in the ease of the 
joint-worm of wheat in the United States of America, but so far there is no 
record of any parasite of Eitrytoma samsonovi from India. 
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whole of the next sainmer and winter, prolonging the life-cycle to two or three 
years. Short descriptions of the young and full-fed larvae, pupa and adult are 
given. 

4. Apricot fruit is the most favourite host of E. samsonovi which though 
also found in the liilly areas of the North-West Frontier Province is serious 
pest only in the plains. 

5. On the recommendation of the Imperial Entomologist, collecting and 

burning of all fallen fruit in the orchards was tried on a large scale as i 

a method of control, in the North-West Frontier Province, and found very ^ 

eifective._ |; 
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^STUDIES IN THE PERIODIC PARTIAL FAILURES OF 
AMERICAN COTTON IN THE PUNJAB 

I. early breakdown oe the photosynthetic apparatus 

BY 
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{Formerly Professor of Botany, Royal Institute of Science, Bombay) 

[ (Received for publication on 23rd August 1938) 

(With Plates XII-XIV) 

Introduction 

In a preliminaiy note an early breakdown of the chloroplasts in the green 
leaves was described as an abnormal feature of the American cotton plants 
in the Punjab [Dastur, 1936]. At that time the different stages of the dis- 
integrating process were not traced and the causes that give rise to the early 
breakdown of the chloroplasts were not investigated. This abnormal feature 
of apparently healthy leaves of the 4P cotton plants has now been studied du- 
ring the cotton seasons of 1936 and 1937 and the important facts which have 
been discovered are summarised below 

Chloroplasts are known to be stable protoplasmic bodies, which normally 
do not undergo disintegration in the functioning leaves, except under special 
conditions. The disintegration of the chloroplasts is reported to occtu' in 
plants suffering from bacterial [Smith, 1924] or virus diseases [Sorokin, 1927 . 
Eckerson, 1926] and in plants attacked with insects [Painter, 1930]. No 
instance is recorded where the chloroplasts are found to disintegrate on account 
of some physiological disturbance in the plant. It is possible that such break- 
down of the chloroiJlasts, as is found in the cotton plant, occurs in other 
plants as well and has merely escaped notice of the investigators. 

Methods 

The methods adopted to trace the different stages of disintegration were 
simple. Leaves of different ages were collected at regular intervals during the 
cotton season and Avere fixed in Flemming’s weaker solution or Farmer’s fluid 

* This work was done in the Punjab Physiological (Cotton Failure) Scheme .submitted 
by the Punjab Government and financed by the Indian Central Cotton Committee, 
Bombay. 
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or 4 per cent formalin. Sections of leaves were cut mostly by hand but some- 
times by microtome. It is necessary to fix the leaves as an examination of 
unfixed material will lead to erroneous conclusions. Of various stains tried, 
haematoxyliii and methyl violet gave the best results. Amongst the combina- 
tion stains the Stoughton method was found most satisfactory. Though 
many varieties of exotic and indigenous cotton plants were examined, the 
following facts relate only to the 4F ((?. Mrsutum) cotton plant. 

Investigation ■ 

The breakdown of chloroplasts and consequently of the photosynthetic 
system is found to occur in two ways, arising from two different causes. The 
two types of breakdown are classed as (A) mechanical and (B) chemical, and 
they are separately dealt with. 

At. Mechanical breakdown of the chloroplasts 

This type of breakdown of the chloroplasts is always preceded by a 
gradual accumulation of starch inside them. Normally starch does not 
accumulate inside the chloroplasts, as the starch that is stored up in them 
during the day is dissolved and removed at night. The same normal process 
is found to occur in the leaves of the cotton plant during the early part of the 
season. Towards the end of July and later leaves fully jjacked with starch 
begin to appear. The leaves collected at dav/n are found to be full of starch. 
This indicates that dissolution and the removal of starch does not occur at 
night, though it continues to be formed and stored up in the chloroplasts 
during the day. The starch grains are found to grow bigger and thus increase 
in size on account of the fresh deposition of starch layers during the day. 

A microscopic examination of such a leaf shows the distended palisade 
and spongy cells packed fully with unusually big starch grains wiiich are 
joined laterally with one another, leaving no interspaces betw^een them 
(Plate XII, figs. 3, 4, 5 ; Plate XIV, fig. 1). The chloroplasts in the cells are no 
longer distinguishable and are reduced to thin films surrounding the starch 
grains. The green colouring matter of the chloroplasts lias come out in the 
form of small globules and covers the starch grains. The chloroplasts have 
bulged out and fused with one another. The palisade cells present the appear- 
ance of a reticulate network with starch grains occupying the meshes of the 
network and the bulged chloroplasts forming the net (Plate XII, figs. 3, 4) . 
At many points the network of the chloroplasts is found broken due to the pres- 
sure of the starch grains. The starch grains in some cases get dissolved, leav- 
ing the broken fragments of the chloroplastic network in the cells. All such 
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■stages of mecliardcal breakdown of the chloroplasts can be seen by suitable 
staining. The starch grains remain nnstained while the chloroplasts are 
stained. Substances giving the reactions of tannins appear in the cell after 
the accumulation of starch has occurred (Plate Xll, fig. 3 ; Plate XIV, fig. 1)* 
The tannins first make their appearance on the lines of fusion of the starch 
grains and later cover them completely. The starch grains are so completely 
enveloped by tannins that starch-iodine reaction is not given by them, but the 
^ grains can still be distinguished by their size and shape. If the tannins and 

; their, derivatives are removed by suitable solvents the starch-iodine reaction 

is obtained at once. A palisade or a spongy cell may thus contain broken bits 
of chloroplasts. globules of green colouring matter, starch and tannins. The 
non-hydrolysis of starch very probably caused by some interference in the 
enzymic activities of the cell is thus responsible for the breakdown of the 
photosyntlietic apparatus. Photosynthetie activity begins to decrease as 
starch remains unhydrolised and accumulates in the chloroplasts, and finally 
it comes to a standstill. The leaf continues to appear green and healthy so 
long as the globules of chlorophyll that have come out of the plastids remain 
imdecomx^osed. Many such leaves with their load of starch and tannin cr 
tannin alone are shed ultimately. In many cases the anthocyanin pigments 
> (level oj) in the epidermis prior to shedding. 

B. Chemical breakdoiv7h of the chloroidasts 

The second type of disintegration of chloro]3lasts is found to occur in 
young and half-matured leaves. The chloroplasts in the leaves of the cotton 
plant are round bodies which are stained uniformly by various dyes (Plate 
XII, fig. 1 ; Plate XIV, fig. 4). The first symptom of disintegration is the 
appearance of minute cavities in the chloroidasts (Plate XII, fig. 2 ; Plate 
XIV, fig. 4). In this type of breakdown the chloroplasts show swelling and 
“^mcuolation without starch accumulation. By further swelling of the chloro- 
plasts the cavities enlarge and adjoining chloroplasts fuse together. They 
f no longer appear as distinct bodies but become a sponge-like mass, filling tiie 

wliole cell (Plate XII, fig. 2, Plate XIII, figs. 3, 4 ; Plate XIV, fig. 2). In the 
case of 4P Punjab-American cotton this type of disintegration can be seen 
with difficulty as the swelling is not very jjronounced but in the case of 
Egyptian and Cambodia cotton plants all the stages of the process can be 
seen clearly (Plate XIII, figs. 3, 4). The swelling and ultimate dissolution 
of the chloroplasts is also accompanied by the formation of tannins in the 
cells (Plate XIII, fig. 4 ; Plate XIV, fig. 2). The chloroplasts become covered 
with tannins and can still be distinguished by the circular cavities. 
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111 some leaves of the 4F an.d other cotton plants, small granules, one to 
three in niiinber, appear in the body of the chloroplasts prior to the formation 
of circular cavities (Plate XIII, figs. 1,2; Plate XIV, fig. 4). ' These granules 
are stained bj^ methyl violet and other dyes in properly fixed materials. When 
they come out of the chloroplasts they leave cavities in them similar to those 
described above. They can be mistaken for spores which they are not. In 
some cells these gi’anules are very minute, while in other cases they are larger 
and could be spotted easily. 

Zirkle [1926], in an extensive study of the chloroplasts in higher plants, 
has described the presence of two types of granules in them. He has shown 
that the granules of the smaller type are not a part of the chromatophores, as 
reported by premous workers, while the larger granules are small pores or 
vacuoles in the chloroplasts. The granules observed in the chloroplasts of the 
cotton leaves would seem to be of a different type from those described by 
Zirkle. They appear to be distinct bodies which leave definite cavities in the 
plastids when they come out. 

This type of breakdown of the chloroplasts develops first in the half- 
matured leaves and then spreads to the young leaves. The swollen sponge- 
like mass of the chloroplasts and tannins is the chief feature of the second type 
of breakdown of the photosynthetic apparCvtus. Both these types of dis- 
integration may occur in the leaves of the same plant. The time when the 
disintegration sets in varies from plant to plant and particularly front field 
to field. It develops early in plants that later show the external symptoms 
of the ^ disease’, while such premature breakdown of the chloroplasts does 
not occur ill normal plants. These relationships between the breakdown of 
the photosynthetic apparatus and the bad opening of the boils can be seen 
best in an extreme case of bad opening of the bolls. The same remarks apply 
to cotton plants bearing well-opened bolls where no such breakdown of the 
photosjmthetic system is visible. In order to study this relatioiivship it is 
necessary to make a periodic examination of the leaves of different nodes on 
a large number of plants. It should then be possible to establish the relation 
between the time of appearance of this internal symptom of the disease’ 
and the bad opening of the boll. 

Experimental reproduction of the breakdo'wn of chloroplasts 

The two types of disintegration of the chloroplasts were reproduced ex* 
perimeiitally in normal leaves in the following manner : — 

If the dailj^ increase in the size of the starch grains in the body of the 
chloroplasts, caused by some natural interference in the hydrolytic process, 
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results in the mechanical burst up of the chloroplasts, the same result could be 
obtained by interfering with the normal transport of carbohydrates from the 
leaves to the other parts of the plant by such means as ringing the stem. 
Cotton plants which did not show any such breakdown of the chloroplasts 
were selected for the experiment. Half the number of plants were ringed and 
the remainder were kept as controls. The leaves from the ringed and control 
plants were examined periodically. At the end of one month after ringing 
the leaves of the ringed plants sliow^ed a heavy aceiimiilation of starch with 
distended cells (Plate XIV, fig. 5). The chloroplasts formed a network which 
was ruptured at many points. The leaves of the controls did not show an 
accumulation of starch or the breakdown of the chloroplasts. 

The second type of disintegration of chloroplasts came to notice first in the 
leaves of plants in pots which had been treated wdth sodium chloride in an 
attempt to reproduce the symptoms of the " disease In order to confirm 
this observation normal plants growing in a good field were treated with sodium 
chloride at the rate of 1500 lbs. per acre. The leaves of these plants w’'ere 
examined before the application of the salt and were found to be normal. 
A week after the application, the leaves showed the initial stages of disintegra- 
tion of the chloroplasts (Plate XIV, fig. 6). Small cavities first appeared. The 
leaves became thick and fleshy and internally the mesophyll cells were elonga- 
ted and sho’^ved turgidity. The chloroplasts later became vacuolated and 
sponge like with circular cavities. Tannins were produced in the cells (Plate 
XIV, fig. 7). 

The increase in the thickness of the leaves and their fleshiness due to an 
increased water content were caused very probably by the absorption of the 
chlorine ions. Similar changes in the leaves of tobacco plant treated with 
sodium chloride were noticed by Garner, McMurtrey, Bowding and Moss [1930] 
and Wilson [1933]. The effect of sodium chloride on the cotton plant is 
investigated at present and the results will be communicated in a later publica- 
tion. 

Summary 

The different stages of the disintegration of the chloroplasts in 4F Punjab- 
American cotton plant (G. hirsutim) are described. Disintegration is found 
to occur in two ways, produced by two different causes. The two types are 
classed here as (A) mechanical, (B) chemical. The mechanical burst-up of 
chloroplasts is caused by the daily increase in the size of the starch grains wdiicli 
remain unhydrolised, due probably to some interference in the enzymic acti- 
vity of the cell. Chloroplasts bulge out and form a network with the starch 
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grains in the mesh.es. They also become ruptured,, due to the pressure exerted 
by the starch grains. Substances giving reactions of tannins are formed later 
i.ii the cells. The appearance of minute pores marks t,he .starting point of the 
crheniical type of disintegration of the chloroplasts. They first swell and large 
cavities appear in them. They then fuse together forming a spongy mass in 
the cells. Tannins develop and cover the dissolving chloroplasts. In some 
cases small granules appear before the small cavities are seen in the chloro- 
plasts. 

When the granules come out, cavities are left in the chloroplasts. Both 
types of disintegration are reproduced experimentally in normal leaves. The 
nieclianical rupture of the chloroplasts is reproduced by interfering with the 
normal transport of carbohydrates from tlie leaves by ringing the stem. 
Chemical disintegration of the choloroplasts is brought about by the applica- 
tion of sodiiini chloride to the soil. 

The breakdown of the photosyiithetic apparatus is found to occur pre- 
maturely in the leaves of plants that develop the external symptoms of the 
* disease ’ under investigation while no such disintegration of chloroplasts 
is noticed in the leaves of normal plants. 
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Fig. 1. Section of a leaf of 4F (G. hirsutum) showing 
normal chloroplasts ( x 150) 
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Fig. 2. Section of a leaf of 4F showing disintegrate ' 
chloroplasts with circular cavities (xl50) 



Fig. 3. Section of a leaf of 4F showing large starch grains 
(unstained) inside chloroplasts which are joined with one 
another and have formed a network (stained) 
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Section of a leaf of 4:F showing large start 
grains inside chloroplasts (x400) 


Fig. 4. The network of the chloroplasts after the removal of the 
starch grains bj caustic potash ( X350) 
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Fig. 5. 



Fig. 3. 




Fig. 7. 


Fig. 1. Section of a leaf of 4F showing large starch grains surrounded by swollen 
chloroplasts, and tannin deposits (x200) 

Fig. 2. Section of a leaf of a Cambodia cotton plant showing swollen sponge- 
like masses of chloroplasts with tannins ( X 250) 

Fig. 3. Section of a leaf of 4F showing tannin deposits and the remains of dis- 
integrated chloroplasts ( X 262) 

Fig. 4. Section of a leaf of 4F showing small granules and cavities inside the 
chloroplasts (an early stage in disintegration ) (Xl97) 

Fig. 5. Section of a leaf of 4F showing accumulation of starch and tannins and 
the rupture of the chloroplasts produced by ringing the stem (xl75) 

Fig. 6. Section of a leaf of 4F treated with sodium chloride showing the early 
stage of chemical disintegration of chloroplasts (x232) 

Fig. 7. Section of a leaf of 4F treated with sodium chloride showing swollen 
sponge-like masses of chloroplasts (x246) 
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Introduction 

In a prelmiinary note [Dastur, 1936], certain def^osits in the cells of the 
leaves and roots were reported to be one of the abnormal features of Piinjab- 
xlmerican cotton plants that produced prematurely cracked bolls with imma- 
ture seeds and poor lint. A study was, therefore, made of the development 
of these deposits in the cells, to determine their chemical nature and their 
exact relation with the ' physiological disease b 

Much work has been done on the chemistry of the cotton plant {G. Jiirsu- 
turn bmA 0. herbaceum) and especially on the chemistry of the natural organic 
colouring matter of the flowers, leaves and the bark. Perkin [1899, 1909, 
1916] extracted and isolated various organic compounds of the flavonoal 
group from the flowers. They were found to be glucosides of quercetin and 
gossypetrin. Quercinieritrin, isoquercitrin and quercitrin also were obtained 
from the leaves by Perkin [1909] and by Viehoever, Chernoff’ and Johns 
[1918]. According to Standford and Viehoever [1918] these glucosides are 
present in the internal resinous glands that are distributed in the petals, leaves 
and bark of the root and stem. These internal glands are found to be present 
in all parts of the 4F cotton plant grown in the Punjab. They contain a yellow 
colouring matter giving the microchemical reactions of quercitrin and related 
substances. The same glands also give the reactions of gossypol, C 30 H 30 Og, 
which was first described by Perkin [1905] and later by various workers 
like Reaves and Valle [1932]. On account of the presence of gossypol, the 
contents of these glands turn a cherry red coiom when treated with strong 
sulphuric acid. They are found in the largest number in the roots of 4F and 
are distributed in the cortex, medullary rays and phloem. 

Power and Chestnut [1926] in their extensive studies on the volatile and 
non-volatile constituents of the cotton plant have also isolated a large number 
of organic substances from the alcoholic extract of the leaves and flowers. 
The their investigation and those of other workers was to 

Q'2,' 
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isolate tlie siibsta.nce which was supposed to attract the cotton bollworm 
insect that causes such great damage to the crop but these attempts did not 
meet with any success. 

The above review of the chemical investigations of the cotton plant makes 
210 mention of the presence of tannins in it. It is possible that the tannin 
deposits described below were either absent in the plant parts extracted by 
these investigators or that they escaped isolation from the large number of 
complex organic substances that were present in such extracts. The cells 
containing these deposits first came to notice when the leaves and roots of the 
4F plant were being examined under microscope. In leaves and roots 
preserved in 4 per cent formalin they could be seen distinctly. The cells 
containing these deposits differed from those -which constituted the internal 
glands described above. These deposits gave all the microchemical reactions 
of tannins in the fresh materials of leaves and roots. Without these colour 
reactions they could not be detected in fresh leaves or roots as these deposits 
are colourless in the natural condition. Similarly, they cannot be seen in 
plant material which has been preserved in alcohol as they are soluble in 
alcohol and so are extracted by it. 

Investigation 

The cells containing these deposits are found in all j)arts of the plant. The 
deposits are found in the cells of the mesophyll, the conducting parenchyma, 
cortex, medullary raj^s, xylem and phloem parenchymatous tissues, the pith 
and the pericarp of the unripe fruit. 

The tannin deposits are present in the form of solution (Plate XV, figs. 
1-4). They are also present in cells that contain starch grains. The starch 
grains are either partly or completely covered by them (Plate XV, fig. 3). 
When completely covered by tannins the starch-iodine reaction is not 
obtained. In some cells each individual starch grain is covered hj a layer of 
tannin and all the reactions of tannin are given by the grains (Plate XV, fig. 3). 
The tannin deposits are also present in cells that contain minute granules 
of calcium oxalate (Plate XV, fig. 1). 

In formalin-preserved material of roots and leaves the tannins are preci- 
jjitated in an insoluble form. As such they cannot be dissolved by any organic 
solvent and are rendered insoluble even in cold acids or alkalies. The task of 
extracting the substance of these deposits became easy, once the above facts 
regarding their solubility and other properties came to be kno-wn after a great 
deal of preliminary work. 

The detailed methods of extraction, purification and quantitative esti- 
mation have been worked out and will be published in a separate paper. 
The deposits in the cells are made up of tannins which are soluble in water. 
They form dark brown coloured insoluble phlobaphenes on treatment with 
acids. They are also precipitated by formaldehyde in presence of acids. 
They give all the reactions of tannins as described by Russel [1935] and 
appear to belong to the class of tannins known as phlobatannins. 
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In addition to tlie tannin deposits soluble in water and alcohol the cells 
in the bark of the root of the diseased plants contain cell deposits that are 
insoluble in these solvents. This is not the case with the roots of healthy 
plants. The presence of these two different types of deposits came to notice 
when the soluble tannin deposits were removed by alcohol. The presence of 
these cell deposits in the roots of diseased plants and their absence in those of 
healthy plants became clear in the material extracted with alcohol. These 
deposits consist mainly of precipitated protein matter and the unci\ystaUised 
salts of organic acids, like oxalic and tannic acids. In this investigation only 
the tannin deposits that are soluble in alcohol and water will be considered. 

Having established the chemical nature of these cell deposits, investiga- 
tions were conducted to determine their relation to the disease under investiga- 
tion. A thorough and periodic examination of the tissues of normal and 
diseased 4E cotton plants showed that the tannins w^ere present in varying 
degrees in the roots of all i)lants but the case was different with the leaves. 
In diseased plants the formation and accumulation of tannins begins to occur 
at an early stage in the growth of the plant while leaves from the normal 
plants do not show^ any accumulation of tannins at any stage. Between these 
two extremes — the totally diseased and normal conditions — plants may be 
found in which tannins accumulate in the leaves to a less extent during the 
fruiting stage. It was noticed also that a slight accumulation of tannins 
occurred at the fruiting stage in young leaves but the same plant did not 
show any such accumulations at a later stage. 

In the diseased condition of the plant the accumulation of tannins in the 
leaves begins early in the vegetative phase and continues till the end of the 
season. The accumulation of starch, disintegration of chloroplasts and accu- 
mulation of tannins are all associated together in the diseased plants. These 
internal symptoms indicate the onset of the physiologically diseased condition 
which manifests itself in the early shedding of leaves and the bad opening of 
bolls. The relation between these internal symptoms and the ultimate bad 
opening of the bolls requires to be systematically investigated and established. 
Preliminary work in that direction showed that in order to establish these 
relationships it was necessary to examine the leaves from different nodes from 
a number of pla nts for these symptoms at regular intervals from an early stage 
of growth up to the fruiting time. 

Of the three internal symptoms the tannin deposits are the easiest to detect 
under microscope, and therefore the daily examination of the large number of 
leaves that is necessary in order to investigate the relation between the internal 
symptoms of the disease and the final bad opening of the bolls is facilitated. 
Attention is, therefore, focussed on the accumulation of tannins in the leaves, 
and its relation to the external symptoms of the disease is here investigated. 

Prom i)revious records of yields and general observations made on the 
opening of the bolls by the staff of the Lyallpur Agricultural Farm, three 
fields, where 4F cotton was to be sown in the season of 1937, were selected for 
the detailed observations referred to above. These fields are situated in 
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isolate the substance which was supposed to attract the cotton bollworm 
insect that causes such great damage to the crop but these attempts did not 
meet with any success. 

The above re view of the chemical investigations of the cotton plant makes 
no mention of the presence of tannins in it. It is possible that the tannin 
deposits described below were either absent in the plant parts extracted by 
these investigators or that they escaped isolation from the large number of 
complex organic substances that were present in such extracts. The cells 
containing these deposits iirst came to notice when the leaves and roots of the 
41' plant were being examined under microscope. In leaves and roots 
preserved in 4 per cent formalin they could be seen distinctly. The cells 
containing these deposits differed from those which constituted the internal 
glands described above. These deposits gave all the microchemical reactions 
of tannins in the fresh materials of leaves and roots. Without these colour 
reactions they could not be detected in fresh leaves or roots as these deposits 
are colourless in the natural condition. Similarly, they cannot be seen in 
plant material which has been preserved in alcohol as they are soluble in 
alcohol and so are extracted by it. 

Investigation 

The cells containing these deposits are found in all parts of the plant. The 
deposits are found in the cells of the mesophyU, the conducting parenchyma, 
cortex, medullary rays, xylem and phloem parenchymatous tissues, the pith 
and the pericarp of the unripe fruit. 

The tannin deposits are present in the form of solution (Plate XV, figs. 
1-4). They are also present in cells that contain starch grains. The starch 
grains are either partly or completely covered by them (Plate XV, fig. 3). 
When completely covered by tannins the starch-iodine reaction is not 
obtained. In some cells each individual starch grain is covered by a layer of 
tannin and all the reactions of tannin are given by the grains (Plate XV, fig. 3). 
The tamiin deposits are also present in cells that contain minute granules 
of calcium oxalate (Plate XV, fig. 1). 

In formalin-preserved material of roots and leaves the tannins are preci- 
pitated in an insoluble form. As such they cannot be dissolved by any organic 
solvent and are rendered insoluble even in cold acids or alkalies. The task of 
extracting the substance of these deposits became easy, once the above facts 
regarding their solubility and other properties came to be known after a great 
deal of preliminary wmrk. 

The detailed methods of extraction, purification and quantitative esti- 
mation have been worked out and will be published in a separate paper. 
The deposits in the cells are made up of tannins which are soluble in water. 
They form dark brown coloured insoluble phlobaphenes on treatment wdth 
acids. They are also precipitated by formaldehyde in presence of acids. 
They give all the reactions of tannins as described by Russel [1935] and 
appear to belong to the class of tannins known as phlobatannins. 
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• ^ tannin deposits soluble in irater and alcohol the cells 

m the bark of the root of the diseased plants contain cell deposits that are 
insoluble m these solvents. This is not the case with the roots of health v 
plants The presence of these two different types of deposits came to notice 
when the soluble tanrun deposits were removed by alcohol. The presence of 
these cell deposits m the roots of diseased plants and their absence in those of 
healthy plants became clear in the material extracted with alcohol. These 
deposits consist mainly of precipitated protein matter and the uncrystaUised 
salts of organic acids, like oxalic and tannic acids. In this investigation only 
the tannin deposits that are soluble in alcohol and water will be considered. 

Having established the chemical nature of these cell deposits, investiga- 
tions were conducted to determine their relation to the disease under investila- 

d\?isc^ penodic examination of the tissues of normal and 

diseased_ 41 cotton plants showed that the tannins were present in varvin- 
degrees in the roots of aU plants but the case was different with the leaVes*! 
In diseased plants the formation and accumulation of tannins begins to occur 

fro™ the normal 

plants do not show any accumulation of tannins at any stage. Between these 
fOTB^in wHhh totally diseased and normal conditions— plants may be 
Wu, r ^ accumulate in the leaves to a less extent during the 

ocSSdtf the frnTr ^ accumulation of tannins 

curied at the fruiting stage in young leaves but the same plant did not 
show any such accumulations at a later stage. 

the diseased condition of the plant the accumulation of tannins in the 
leaves begins early in the vegetative phase and continues till the end of the 

SrSon nf starch disintegration of chloroplasts and accu- 

associated together in the diseased plants. These 
mternal symptoms indicate the onset of the physiologically diseased condition 

biiS^ k"/ shedding of leaves and tJie bad opening of 

oneninv of ti! f'r between these internal symptoms and the ultimate bad 
PreLiSirrv wA^r?i systematicaUy investigated and established. 

reStSmh-n Jt “ tion showed that in order to establish these 

relationships it was necessary to examine the leaves from different nodes from 

of '“‘S'' 

Wes that IS necessary in order to investigate the relation between the internal 

Attenti^"i°^+?® facilitated, 

fnd iti rel^HonT^^^'r’ foeussea on the accumulation of tannins in the leaves, 
and Its relation to the external symptoms of the disease is here investigated. 

Prom previous records of yields and general observations made on the 

STwhie 4P So Lyallpur Agricultural Farm, three 

the -f a ™ tile season of 1937, were selected for 

the detailed observations referred to above. These fields are situated in 
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squares 29, 27 and 32 of the Farm, and are designated good, medium, rmd bad 
according to the condition of the crop during previous years. The soils in 
squares 29, 27 and 32 are considered good, medium and bad respectively for 
cotton ciiitivatioii. In the beginning a fourth field in square 26 was also 
selected but the plot, where the plants were labelled for observation, showed 
suppressed gi'owth from an early stage, owing to other adverse soil conditions 
and, therefore, it is not included here. It Vv^as noticed that extreme bad open- 
ing occurs in plants that show normal growth until September. The pJL and 
the meclianical composition of the soils up to a depth of six feet are given 
in Table I. hTo attempt will be made here, however, to discuss the bearing of 
the soil conditions on the observations made on the internal and external 
symptoms of the disease. 

Table I 


pH and mechanical composition of the soils in the three fields 



1 Square 29 

! 

j Square 27 

1 

1 

Square 32 

Clay 

Silt 

Sand 

Clay 

Silt 

Sand 

Clay 

Silt 

Sand 

1st foot . 

14-3 

28 -1 

55*3 

16-0 

18*4 

65*2 

11*5 

13*0 

76*0 

2nd foot . 

ism 

26*8 

50*3 

16*8 

16*1 

65*3 

13*7 

17*9 

65*2 

3rd foot . 

20-5 

24*7 

j 

48*5 

19*3 

1 

12-9 

65*9 

14*3 

20*2 

62*2 

4th foot . 

1 17-1 

29*2 1 

j 

44*8 

16*7 

14*9 

72*4 

15*4 

24*1 

53*4 

5th foot . 

19-2 

26*8 * 

45*1 

15*0 

15*,8 ^ 

64*5 

13*3 

20*5 

58*1 

6th foot . 

14-8 

20*2 

58*1 1 

14*0 

15-5 1 

j 

65*8 

16*5 . 

1 

18*9 

62 -A' , 


pH range in the six 8-ll-8*26 8-09-8-18 8-07-8-34 

feet of soil. 

Silt = Silt-1- fine silt fractions. Sand=Goarse + fine sand fractions. 
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7 “ these fields was done, ten plants in 

differ^ 1'^ f adjacent rows and the leaves from 

difieient nodes from each plant were periodically examined. The accumula- 

srnnre first noticed in the leaves from plants in the bad soil of 

TxamL J T? ® " ^T'^tematic 

fro of the leaves from nodes 4, 8, 10 and 12, counting 

Z tInL When microscopic examinations of the leaves 

^xtonTTf ^ ^t soon became evident that both the amount and the 

extent of the accumulation of tannins varied in different leaves of the same 
P ant on the same date. It further differed in the leaves of the same imde ^01 
the apex of the ten plants in the .same field as well as from the plants of different 
fields on the same date of sampling. The concentration of tannins in the cells 
and the number of mesophyll ceUs that contained these deposits varied from 
lm.i to leaf. In order to get some idea of the comparative degree and extent 

itnXfrom thT^' from the same and different 

arpted preliminary trials the following procedure was 

Standard shdes of sections of leaves showing different decrees and extent 

of tannin accumulation were prepared, rirstly, sections of leaves shoirintr 
.ero acwimulation of tannins and those completely filled with thick deposits 
o annins were obtained and mounted. Then sections of leaves showmg Toot 
ulatioxis of tanmns varying between these two limits were prepared.'' 

Table II gives a description of each standard slide with the respective 
number of + signs employed to indicate the tannin status of the leaves The 
use of + signs is here made to express differences in the degree and the extent 
ot accumulation of tannins in the leaves. 

In addition to the standard slides described above other standard slides 
indicating the degree and extent of tannin accumulation betwre™ 
.successive standards were also prepared and kept handy for comparison. The 
diffeiences m the . accumulation of tannins indicated by these standard slides 
are_ not quantitative but must be regarded as merely comparative. Fom 
- indicate that the tannin accumulation is four times the amount 

of tan ?n Ir indicate the different stages 

of tannin accumulations m the leaves as seen under microscope 
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Table II 

Description of standard slides with + signs employed to indicate the tannin status 

of the haves 


Sign nsed 

Description of standard slide 

Nil 

All cells devoid of tannin deposits (Plate XVI, %. 1). 

+ 

Tannin deposits in the spongy cells only (Plate XVI, fig. 2). 


Thin tannin deposits in a few palisade and spongy cells. The palisade 
cells are not completely filled with tannins (Plate XVI, figs. 3, 4). 

pp-f 

Thick tannin deposits in some palisade cells and a large number of 
spongy cells (Plate XVII, %. 1). 

+ + 4- 4“ 

Thick tannin deposits in the majority of palisade cells (65 per cent) 
and spongy cells (Plate XVTI, figs. 2, 3). 

4- 4-4 + 4- 

Thick tannin deposits in almost all cells (Plate XVII, fig. 4). 


Small pieces oufc from similar positions on the leaves, of the 4th, 8th, 
10th and I2tli nodes, from each of the ten plants in the three fields were pre- 
served separately in 4 per cent formalin every three weeks. Sections from 
the ] eaves of the fourth node from the ten plants in one field w^ere cut separately. 
Sections were cut at three points from the piece of preserved leaf. A large 
number was examined and the values of tannin accumulations were noted 
by comparison with the standard slides. The average of these values was 
taken as the tannin status of the 4th leaf on one plant. Such ten values for 
the tannin accumulations were obtained from the leaf of the fourth node of 
the ten plants and the mean of the ten values was taken to indicate the condi- 
tion of the 4th leaf for tannins in a field. The same procedure 'vvas adopted 
for leaves from the remaining nodes of the ten plants in the same field and for 
the different leaves of the ten plants in the other two fields. Such observations 
of the tannin status of the leaves of the ten plants in these fields were done 
five times during the cotton season. The results obtained on the 29th Septem- 
ber, 1937, for the four different leaves of the ten plants in each field are given 
separately in Table III, in order to give an idea of the variations in the tannin 
accumulation in the four different leaves of the ten plants in each field. 




Values for tamiin accumulation for the leaves of ten plants in the three fields on 29th September 19B7 
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The accumulation of tannins is least in all the leaves of the ten plants in 
the good field while it is very high in the leaves of plants in the bad field. 
Slight amounts of tannins are found to accumulate in the leaves of plants 
growing in the medium field. The shedding of the leaves is also greatest in 
the plants from the bad field. It started from the middle of August onwards, 
while such shedding did not occur in plants in the good field. 

The average values of tannins for the ten leaves of each node in the plants 
in the three fields for the five different dates are stated in Table IV. They 
represent the tannin status of the four different leaves of the plants on each 
date of sampling. (The shed leaves were not examined for tannins. In 
that case the average value of the number of leaves that remained on the ten 
plants is taken). The differences in the tannin accumulation in leaves of 
the tlmee fields are obvious. In the case of the good field the tannins accumu- 
late in the spongy cells of some leaves, while in the medium soil the accumula- 
tion occurs in some palisade cells as well. All the leaves of the bad field show 
large accumulations of tannins. These examinations of the leaves of the 
different nodes and at different dates in the three fields suggest that the tannin- 
like substances are produced in all cases but that they are used up probably 
as respiratory material, in the leaves of plants from the good field while they 
remain accumulated in the leaves of plants growing in the bad field. 

Records of the total number of bolls produced by each of the ten plants 
were kept. The percentages of badly opened and well-opened bolls were also 
determined. A boll is regarded as badly opened when the majority of the 
seeds in the bolls is immature and the lint is weak. The weight of seed cotton 
per boll and the boll weights, i.e,, the number of bolls requhed to make one 
seer of seed cotton, were also determined. These results are stated in Table 
V. The averages of the ten plants are also given. There is no real bad open- 
ing of the bolls in the plants in the good field. The figures of badly opened 
boUs represent the stained bolls due to insect damage as in (Table V). 
Very few bofis opened badly in the case of plants in the medium soil while the 
percentage of badly opened bolls in the bad field varied from 73 to 100. The 
number of bolls produced per plant was also in the same order in the three 
fields. The weight of seed cotton per boU in the bad field was one fourth of 
that in the good sofi, thus indicating the immaturity of seeds in the former. 
Consequently, the boU weights are very high in the bad field. The obser- 
vations made on shedding of leaves showed that shedding began as early as 
August in these plants. All leaves up to the IQth node from the apex of' one 

plant (Pio) were shed on the 23rd August, 1938, and up to the 12th node in 
another three plants (P|, Pg and Pg). 
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Table IV 

Average values for tannin accumulations in the leaves of pla yits in good, nudiuni 
and foor fields {each value is an average of teyi leaves or less) 


Dato (1937) 


1 st August 


23rd 


7 til Sept. 


29th 


25tb October 


Node of the leaf 
from the apex 

1 Square 29 | Square 27 
1 (good soil) i(medium so 

Square 32 
il) (poor soil) 

4th leaf 

± 

I +± 

j -p -j- -|- 

00 

Traces 

1 

+ 

j -j- -p 

iOth „ 

Traces 

+± 

++ 

1 2th „ 

i 

Traces 

j + ± 

+ 

4th „ 

1 

I Traces 

i 

1 “b i 

4" 4* 4^ 4- 

8th „ 

! + 

1 

++ 

4-4-4-± 

IOth „ 

! + 

i 

. ++ 

4.4.4. 

12th „ 

1 + 

■! ± 
j 

1 4- 4* + ± 

i 

4th „ 

Nil 

mi 

4. 4. 4. 4. 

8th „ 

mi 

+ 

44.4.4. 

iOth ,, 

Traces 

+ + ± 

4“4*4- + 4* 

12t.h „ 

Tfaces 

4- 

4- 4. 4- 4. 4. 

4th „ 

± 

4- + 

4.444. ± 

8th „ 

Traces 

' + 

4. 4- 4, 4., 

10th „ 

Traces 

• + 

4‘4- + + ± 

12th ,, 

Traces | 

4- 

Shed 

4th „ 

+ 

4- 4* 

+++++ 

8th „ 

Traces 


+++++ 

10th „ 

+ 

j 

4- 

Shed 

12 th „ 

Shed j 

Shed 

Shed 




*Most of these bolls are badly opened due to injury caused by the insects. 
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The results of tannin accumulations in the leaves of tiiese plants in the 
bad field clearly indicate that they suffer from some physiological disorder 
wluch gives rise to bad opening and consequently lov/ yields. This disorder 
is manixested in all the leaves by the presence of thick tannin deposits from 
August oiTOaids. No such accumulations of tannins are noticed in the leaves 
from plants in the good field. Thus thick tannin deposits in the ceUs of the 
leaves can now be regarded as a definite internal svmptom of the ‘ phvsiolovieal 
disease ’ of bad opening. ± j b. 

oi recorded. They were about 

21 17 and 4 maunds of seed cotton per acre for the good, medium' and the bad 
field, respectively. 

The actual yield of plants in a field depends upon a number of factors and 
when the plants suffer from this ‘physiological disease ’, the yield varies 
according to the growth and vigour of plants in that field. All the ten plants 
in the bad field show accumulation of tannins to an equal extent as far as 
imcroseopic observations go, but the number of bolls produced by each plant 
and the yields obtained vary to a very great extent. The number of bolls 
produced varied from 2 to 169 and yield of seed cotton from 1 gram to 152 
grams. ^ The same holds good for plant in the good field, the yields varying 
lom ioO to 360 grams. Thus the presence of tannins in the leaves from an 
early stage indicates that the plant is not normal and suffers from some 
physiological distmbance. Consequently, the yield given by that plant may 
be expected to be less than it would be in the absence of this disease. 

r recently found that the tannin-like substances found in the leaves 
o . h plants are chemically of two types. The differences between the two 
types become apparent when the fresh leaves are extracted with water and 
tested for tannins. The one type described above, which is found in the 
leaves ot diseased plants, gives blue colouration with osmic acid and a 
reddisn orown precipitate with formaldehyde and hydrochloric acid The 
second type does not give this reaction with osmic acid and gives a yeUowish 
precipitate with formaldehyde and hydrochloric acid. The relationships 
tound between the accumulation of tannins in leaves and the bad openinc^ of 
the bolls discussed above refer to the first type only. 

The second type of substance which also gets precipitated with formalde- 
“.f® “ of file leaves is found in plants which are growing on heavy 

soils, ihe growth of plants in such cases is suppressed, as was the case in the 
leaves ol plants in square 26 referred to above, where the cells showed the 
deposits m the_ leaves preserved in formalin. In the beginning they could 
not be differentiated from the tannins of the first type but later the differences 
in their chemical nature came to be noticed. The chemical nature of this 
substance and its relation to the ‘ disease ’ under investigation is investigated. 

It may be mentioned that in normal and healthy plants the accumulation 
01 any oi these two substances in the cells of the leaves is not found to occur 
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wMle any derangement in the metabolic activities of the plant, it 'appears, 
leads to the accumulation of any one of the two types of substances in the 
leaves. , 

COKCLIJSIONS 

In extreme cases of the ‘ physiological disease ’ of bad opening of the bolls 
tannins begin to accumulate in all the leaves of the plant from an early stage 
while no such accumulations occur in the leaves of healthy plants. Tannin 
accumulation in the leaves from an early stage of growth is, therefore, an 
internal index of the disease. The diseased plants do not show externally 
any symptoms of the disease during the vegetative phase and hence an early 
diagnosis of the onset of the disease is possible only by microscopic examina- 
tion of the leaves of such plants. 

The microscopic method of determining the diseased condition is both 
tedious and lengthy and it is not possible to make use of this method on a 
large scale. From a practical point of view it would be advantageous to use 
this plant index in finding out at an early stage the condition of the crop in 
a field. It is, therefore, necessary to replace the present microscopic method, 
which further is more or less qualitative and not quantitative, by a more rapid 
and easy one. It cannot be applied to determine the different degrees of 
intensity of the disease. A suitable method had to be devised by which 
different intensities of the diseased condition could be determined. A 
colorimetric method was, therefore, worked out and is being applied at 
present to test the relationship between this internal symptom and the bad 
opening of the bolls. 

SUICMAIIY 

The chemical natiire of the cell deposits in the leaves and roots of 4F 
Punjab-American cotton plants mentioned by the author in this Journal 
(Vol. pp- 377-9, 1936) is determined. These deposits are made up of subs- 
tances classed as tannins or then derivatives. 

The accumulation of tannins giving the osmic acid test is found to occur 
in the leaves of plants which later develop the external symptoms of the 
disease, viz., the reddening and shedding of the leaves and the bad opening of 
bolls. Such accumulation of tannins is not found to occur at any stage in 
leaves of normal plants. 

The relationship between the accumulation of tannins in leaves and the 
final bad opening of bolls on the diseased plants is established by a systematic 
and detailed examination of different leaves of ten plants in three fields where 
the soils are classed as good, medium and bad, according to the condition of 
the cotton crop in previous years. The leaves of plants from the bad soil 
sho'wed the largest accumulation of tannins from an early stage of growth. 
On an average the percentage of badly opened bolls on the plants was 85. 
The leaves from plants grown on the good soil showed no accumulation of 
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PLATE XVI 




PHOTOMICROGEAPHS OF STANDARD SLIDES FOR TANNIN ACCUMULATIONS 



Fig, 1. Section of an old leaf of 4F cotton plant free 
from tannin {nil) 



Fig. 3. Section of a leaf of a -IF plant, showing thin 
tannin deposits in a few palisade and spongy 
cells. The palisade cells are not completely 
filled with tannins (-j-+) 



Fig. 2. Section of a leaf of a IF cotton plant showing 
tannin deposits in the spongy cells (+) 
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tannins at any stage of growth and no bad opening of bolls occurred on these 
plants, ihe leaves from plants from the medium soil showed slight accumula- 
tion with about 10 per cent of bolls badly opened. 

The jdelds of plants from the three fields were in the same order. It is 
mportant to note that the yield given by a plant showing this internal symp- 
tom of the disease depends also on other soil conditions. 

The accumulation of tannins in leaves from an early stage can now be 

safely regarded as an index of ah abnormal and unhealthy condition of the 

plant. 

The differences in the tanmn accumulation of the leaves given in this 
paper are roughly comparative. An attempt is now being made to determine 
these differences by a quantitative method and to find out whether any quan- 
titative relation exists between the accumulation of tannins in leaves and the 
different degrees of bad opening noticed in different plants. 
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I. Inteoduction 

It is a well-kiiowii fact that the imlividual fibres that go to make up a 
Sample. of cotton vary considerably in their - physical properties. These varia- 
tions are brought about by nimierous causes both genetic and enviroiinieiital. 
They have been dealt with in detail by Turner [ 1929 ], and others [ Editorial, 
1930 ]. In the present work and in the ones that -are to follo-w. it is the object 
of the writ.er to study the extent of variation that is caused ]>y each of tlie 
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different- factors emimerated by Turner. The variation of the fibre-weight 
with respect to length was dealt -with in a previous paper [ Iyengar and Tnriier, 
1930] and the present work deals with the variation of the other properties 
with respect to length. 


II. Matebial and sampling- 

The material used in the present enquiry consisted of four samples of 
cotton, one belonging to strain Karunganni C 7 {0. indicum), another to 
strain 2406 ({?. Jierbaceum) and the remaining two to strain Co 2 {G, hirsukmi)^ 
the difference between the last two being, that one was collected from the 
irrigated and the other from the rain-fed plots of a randomised replicated 
experiment laid out for a study of the effects of irrigation. 

The sampling was made with the object of having it as uniform as possible 
by eliminating the extraneous influences. The variation between samples 
of different plants was minimised by confining the sampling to as few plants 
as were barely necessary, the variation due to the age of the plant was mini- 
mised by taking the picking on a particular day, and that due to the compo- 
sition of bolls and locks by taking only those bolls that were three locked 
and which contained the same number of seeds in each lock. All locks with 
one or more aborted seeds w^ere discarded. The fourth seed of each lock 
alone was selected to form the sample. 


III. Exfeeimental methods 


The seeds were carefully delinted hj hand so as not to break any of the 
fibres and out of the lint obtained, a sliver was prepared by using the draw- 
box of the Balls Sorter equipment. After arranging the fibres from the sliver 
on a Baer Sorter, the fibres of different length-grades were extracted in the 
manner described in the previous paper [Ij^^engar and Turner, 1930]. A 
tuft of fibres containing approximately the required number of fibres of a 
particular length-grade was placed on a piece of plush and the fibres removed 
from them were used for the determination of the following properties ; — 

1. Number of convolutions per unit length of the fibre, 



2. Ribbon-width — ^maximum, minimum and mean, 

3. Swollen fibre-diameter, 

4. Swollen wall-thickness, and 

5. Immaturity. 

Six consecutive length-classes differmg by 1/8 in. namely, from 10/8 in. to 
6/8 in,, were examined in either of the samples of Co 2 and five (9/8 to 6/8 in,] 
in each of strains Karunganni C 7 and 2406, 
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Regarding the number of fibres to be tested for the determination of the 
different properties, Koslial and Turner [1930] have stated that it Bhoiild be 300 
for ribbon-width and 500 for convolutions* As the sample from -which these 
numbers were derived ivas a bulk 'material it was ' considered that in the 
present set of samples, wdiere causes ■ of variation W' ere -iriiiiimised and where 
the material under test consisted of a smaU tuft of fi.bres of ■ uniform 
length, the variation wmuld not be so high. F'urtiier the work being ard'uoiis, 
200 fibres only -were examined for each -property. For the estiiiiatioii of 
maturity, iio'wever, 200 more fibres w^ere tested except for strain 2405*^. The 
results obtained, lio'wever, indicate that the variability does not always 
decrease as anticipated, though in some cases the standard errors were small 
enough. The number of fibres tested should, therefore, be considered not quite 
adequate in all cases. 

The fibres were mounted -with seccotine in the manner usuaUy followed 
for the determination of the convolutions and ribbon- width. Generali}^' 
ten fibres were mounted on each slide taking- care to have at least one of their 
ends nearly in a straight line, so that they ma,y be covered with a. coverslip 
later. 

By moving the slide under the microscope (magnification X 260) the 
length of the fibres and the total number of convolutions along the whole 
length' -ware determined. Neither the direction of the convolutions 'nor the 
nu-mber of re;versals -was taken into account. The maximum ribbon-width 
and the ininimiim ribboii--width [ Banitt, 1930 ] in the immediate neighbour- 
hood of the niaximiiiii, were then determined at ten different places, spaced 
nearly equally apart along the length of the whole fibre. When all the fibres 
on the slide had been examined, they w^ere fixed at the two ends by means 
of the wax used for fixing the fibres for strength determination and were 
covered with a suitable coverslip. The fibres 'W^ere then irrigated with 18 
per cent solution of caustic soda and examined half an hour f later under 
a higher magnification (x590). 

It is well known that under this treatment a ripe fibre gets fully swoUen 
and assumes' a rod-like appearance. But an immature fibre show^s a tubular 
structure with an internal canal. The thickness of the wall varies according 
to the degree of maturity of the fibre. The diameter of the fibre (D) and the 
diameter of the internal canal (d) were measured in the microscope at ten 
equal intervals along the length of the whole fibre, as was done in the case of 

* As there was negligible imm aturity in this strain, 200 fibres were deemed suffi- 
cient. 

t Any amount of this resting period, above a minimum, was found to have no effect 
on the dimensions measured, under the magnification used, provided the solution did 
not evaporate to dryness. 
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the ribbon- width. D, then, represents the diameter of the fibre-cell and 
j ) — twice the -wall-thickness of the swollen fibre. 

The ratio of the fibre-dicimeter to wall-thickue.ss of the swollen hah' 
was used to estimate the maturity of the fibre. In order to determine the 
exact limits of the ratios between which fibres of the different maturity classes 
may be said to lie, the fibre was carefully scrutinised both in the raw and the 
swollen state and its condition of maturity, as to whether it can be 
classed as ripe, dead or thin-w^alled, was recorded. 

It may be mentioned here that though most of the fibres generally 
exliibited uniformity in the degree of ripeness along theii’ length, there were 
some fibi'es which showed wide variations Takmg only those fibres that ex- 
hibited uniformity, a study of the distribution of the ratio of fibre-diameter 
to wall-thickness w- as made in the three maturity classes, in all the four cottons. 
The results obtained in the case of the rain-fed sample of Co 2 is recorded in 
Table I and Tig. 1 to serve as an example. The distributions in the other 
cottoTis also indicated similar Ihnits of the ratio for the tlu'ee maturity classes. 
Even in the strain 2405, where the immature fibres are very few, the same 
Ihnits are found to be adhered to. 
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Table I 

Ratio of fibre-diameter to wall-thickness 


Ripe fibres 


Tliiii- walled fibres 


Dead-fibres 


Class . i lSTo, Per- Class 

interval ■ centage , interval 


iSTo, I Per- 
[ centase 


Class 

interval 


Per- 

centage 


2-00— 2-10 417 82’9 ! 2*71-— 2*90 


2*11—2*30 60 

2*31—2*50 17 

2*51—2*70 5 


2*71—2*90 


11*9 ; 2*91—3*10 3 

3*4 3*11— 3*30 7 

1*0 3*31—3*50 10 

0*4 i 3*51—3*70 16 


2*91— 3*10 2 0*4 3*71—3*90 15 

3*91—4*10 7 

4*11—4*30 2 


3*71—3 
3*91—4 
4*11—4' 
4*31—4' 
4*51— 4' 
4*71— 4* 
4*91—5* 
5*11—5* 


30 17 I 

I 

50 23 I 


70 I 24 


90 23 


10 I 20 I 

I ; 

30 ! 31 ! 


5 •31—6 -50 27 

6-61— 6-70 10 

5-71— 6-90 20 

5- 91— 6-10 12 

6- 11— 6-30 7 

6-31— 6 -SO 6 
6- 61— 6-70 12 

6-71— 6-90 10 

6- 91— 7-10 6 

7- 11— 7-30 6 

7-31— 7-50 7 


7-51— 7-70 6 i 


7-71— 7-90 4 
7-91— 8-10 3 
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Table 1—contd. 


Bipe fibres 

Tbin-walied fibres 

j 

! Bead fibres 

1 

! 

Class 

interval 

No. 

1 

Per- 

centage 

Class 

interval 

No. 

Per- 

centage 

Class 

interval 

No. 

Per- 

centage 



, 


j 


8*11— 8‘SO 

2 

0-6 





i 

[ 


8*31—8*50 

1 

0“S 







8*51— 8*70 

0 

^ , 0-0 







8-71—8*90 

i 

0*3 







8-91—9-10 

S 

0*9 J 







9-11—9-30 

2 

'■ ' 0-6 







9 -SI— 9-60 

2 

■ 0-6 







9-61— 9 “70 

1 

0-S 







9-71—9-90 

2^ 

0-6 






1 

9-91— 10-10 

1 

0-S 







Greater than 
10-10 

17 

5*4 

Total , 

60S 

i 

j 

62 
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It will be seen that the ripe fibres range from 2 - 0 to 3‘ 0 ; but most of the 
values lie in the neighbourhood of 2*0 and there is no value beyond 3*0. 
The dead fibres start at 3' 8 and the value of the ratio rises to as high as 12. 
Only two fibres, or O' 6 per cent of the total number in this class, fall below 
4'0. The thin-waUed fibres lie between 3'0 and 4'0 with a little tail on 
either side and with mode at 3 '6. Thus the ranges between which fibres 
of the three types of maturity lie seem to be circumscribed. The ripe fibres 
may be said to range from 2'0 to 3'0, the thin-walled fibres from 3‘0 to 
4'0 and the dead beyond 4'0. Employing these limits as standards, the 
percentages of the fibres in the different classes have been calculated. 

Peirce and Lord [ 1934 ] have also considered this aspect and they have 
stated that “ the limits of the thin-walled class are defined roughly by the 
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values 0v2— 0*35 for the ratio of wall-thickness to ribbon-width ^^wMch 
■when converted into the ratio adopted in the present enquiry f work out to 
be 2*86 to 5*0. The lower limit is practically the same as the one found here, 
naiii,eiy, 3 * 0 but the upper one is a little higher. But from a comparison 
of the ratios with the actual degree of maturity of the fibres, it was found, 
as shown in the foregoing distributions, that 4*0 wms the in.ore reliable limit 
in the samples handled here. 

It may also be mentioned that these workers have used the cat section 
for theii* nieasnrenieiits. They have stated that they used a method, de- 
signed to secure a miiiimuin of distortion or obliquity but the error due to 
this cannot be as completely eliminated as in the present method, where it is 
non-existent. Moreover, the sections show the value at a particular portion 
of the fibre wdiich may not be the representative behaviour along the entire 
length, as it is in the present case. These differences between the methods 
may possibly account for the higher value obtained by them for the upper 
limit of the thin-walled fibres, presuming that there has been no personal 
factor influencing the fixing of the border itself. 

The significance of the differences between the maturity percentages 
has been tested by the use of the standard error, calculated according to 
the formula , wdiere p and represent the proportions of the fibres 

falling within and outside a class respectively, and n, the number of fibres 
examined [ Yule, 1929 ], 

IV. Discussion of results 

Before taking up the discussion of the results proper, it may be stated 
that the normality or otherwise of anjT- distribution, stated in the following 
discussion, is as judged visually from the frequency polygons only ; no 
statistical tests for judging normality or otherwise have been made. The 
standard errors and the values of significance have been calculated wherever 
the distribution can be deemed nearly normal. 

The variation of all the properties examined among the different length- 
grades may be seen at a glance in Table II. 

(a) Immaturity 

Before taking up the variations in the physical properties it would be 
appropriate to discuss here the variations in the maturity of fibres as this 
cfsaracter is observed to influence almost all the other properties. 

^ From the statement ‘‘ after separating the three gi'oiips of the immaturity test ’’ 
it is assumed that these authors have used fibres swollen in caustic soda. 

t As the present work was started in 1933, much earlier than the publication of the 
work of Peirce and Lord and as the ratio of fibre-diameter to wall-thickness was chosen 
from the commencement, it has been employed instead of the inverse ratio of walk 
thickness to .diameter , used by these authors. 
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Table 

Summary 




Length 


1 

1 Convolutions per 
cm. 

Ribbon-width 

Cotton 

Expected in 

Aetna 

mean 

in 

mm. 

S. E. 

AH 

i Eipe 
fibres 

S. E. 

Maxi- 

mum 

S. E. 

I 

j Mini- 

S. E. 

Mean 

S, B. 


inch 

mm. 


fibres 

only 

of (7) 


i mum 




1 

! 2 

3 

4 

1 

5 

6 

7 

8 

9 

10 

; 11 

12 

13 

1 

14 

■ 

: 10/8 

31*8 

1 30*6 

0*148 

26*4 

43*5 

1*38 

20*5 

0*185 

8*6 


j 

14*7 

0*092 


1 9/8 

28*6 

28*1 

0*106 

31*0 

57*0 

1*92 

21*4 

0*176 

8*2 


14*9 

0*002 

Co 2 irrigated . 

8/8 

26*4 

25*6 

0*131 

43*2 

63*7 

1*61 

21*3 

0*199 

9*1 


14*9 

0*106 


■ 7/8 

22*2 

21*6 

0*150 

50*6 

68*9 

1*76 

20*6 

0*194 

9*6 


16*2 

0*111 


i 6/8 

19*1 

17*6 

0*163 

47*0 

66*8 

1*98 

21*4 

0*240 

9*0 


16*3 

0*143 


6/8 

15*9 

13*8 

0*179 

40*6 

65*0 

2*02 

20 9 

0*222 

8*4 


14*8 

0*139 


10/8 

31*8 

30-9 

0*147 

44*2 

71*4 

1*63 

19*9 

0*203 

7*8 


13* 9 

0*092 


1 

1 0/8 

28*6 

28*6 

0*118 

44*3 

74*5 

2*37 

20*8 

0*194 

7*5 


14*2 

0*092 


8/8 

25*4 

26*7 

0-118 

45*8 

79*7 

2*32 

20*6 

0*222 

7*5 


14*1 

0*088 

Co 2 Bain-fed . 

7/8 

22*2 

22*6 

0-144 

59*8 

79*6 

2*15 

20*8 

0*203 

8*7 


14*9 

0*106 


6/8 

19*1 

18*3 

0-161 

44*2 

67*1 

2*07 

21*3 

0*240 

8*7 

i 

16*0 ( 

.)*129 


6/8 

16*9 

1 14*9 

0-185 

48*4 

i 70*2 

2*76 

21*7 

0*264 

7*6 


15*0 ( 

}*143 

■«| 

9/8 

28-6 

1 28*5 

1 

0-115 

38*8 

46*8 

1*32 

17*2 

0-189 

8*8 

0*111 1 

1 

13*3 |0*078 


8/8 , 

25*4 

25*6 

0-095 

33*7 

40*6 

1*16 

18*0 

0-167 

8*6 V 

0*148 ^ 

1 

13*8 ;{ 

)*083 

Ivannigaimi C 7. > 

7/8 

22-2 

' 22*8 

0-106 

31*6 

38*9 

1*10 

19*1 

0-217 

8*6 ! 


14*3 ( 

1 

)*088 


6/8 

19*1 

19*5 

0-123 

26*6 

36-0 

0*99 

19*7 ' 

0*269 

8*6 


14*8 io*O07 

!, 


I 

1 5/8 

15*9 

16*4 

0-156 

20*0 

31*2 

1*06 

21*1 1 

0-287 

8*3 

1 

15*3 jo-092 


: 9/8 

1 

28*6 

26* 7 i 

0*188 

25*8 

26*0 

0*49 

17*2 ( 

0*148 

10*4 { 

)*083 : 

1 

13-9 |o-106 


8/8 

25*4 

24*7 ( 

0*086 

31*7 

32*3 

0*68 

17*6 J 

0*129 

10*7 { 

)*079 

14-2\;0-097 

Strain 2405 . -j 

7/8 

22*2 1 

22*6 1 

3*090 

30*8 

31*6 

0*62 

18*2 { 

)*184 

11*0 ( 

}*083 i 

14*7,0-092 


6/8 

I 

19-1 : 

19*5 ( 

}*095 

28*4 

29*2 

0*63 

17*8 ( 

M48 

11*2 :6/lll 

14*6 0-097 


1 

5/8 1 

16-9 ' 

15*5 0*102 

1 

30*8 1 

31*0 

0*60 

18*9 |( 

}*ik 

12*0 0.116 j 

15.6 ;,0-126 , 


* 3tp,iited error based on 200 ^ readings 
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It will be seen that in both the irrigated and rain-fed samples of Co 2, 
the ripe fibres decrease slightly from 10/8 in. to 9/8 in. after which they 
increase up to 7/8 in. and then again decrease (Table II, Col. 21 ; Kg. 2). The 
dead fibres, as should be expected, record an opposite tendency, there beino' 
a fall from 9/8 to 7/8 foUowed by a rise. Though the fall of maturity from 
the 1 0/8 in. group-length to the 9/8 in. is not significant, its persistance in 
both the samples of Co 2 and in the other tests described below should 
indicate to its rea,l existence. In Karunganni the variation is in a sinsle 
toeetion, there being a fall in the ripe and thin-waUed fibres and a rise in the 
dead fibres with the decrease in length. Almost all the differences in the 
ease of the dead fibres and many in the case of the ripe fibres are statistically 
significant. In the strain 2406 there is negligible immaturity with little 
variation. It will thus be seen that there are distinct variations of maturity 
with respect to length in some strains, the trend of variation depending upon 
the strain of cotton. ° ^ 


To have a comparative idea of the results obtained according to Clegg’s 
method with those derived according to the present method, the fibres In 
the different length-grades were also examined by Clegg’s method by testing 
five bunches of about hundred fibres each for each length. The results ob* 
tained are given in Table III. 

On comparison with Table II, columns 21, 23 and 25 it will be seen that 
m most of the cases the differences between the values obtained according 
to the two methods are well_ within sampling errors. The trends of variation 
with respect to length, that can be deduced from these results are practically 
Identical with those according to the other : method (Figs. 2 and 3). It is 
remarkable to note that the very simple method adopted by Clegg gives 
results which are nearly as reliable as those got by the method which is very 

much more elaborate and time-absorbing. 


TT variation of the maturity in the different lengths, 

Underwood [ 1930 ] states that “ As a general rule the short hairs contain 
higher proportions of. unmature cotton than the longer hairs.” This can be 
conceived in a bulk sample badly gimied by machinery where many of the 
long immature fibres may break and thus increase the amount of immature 
cottonm he shorter lengths. In the present case theincrea^ 

to the“/8 5^1 ' th especially after a decrease up 

cause in viL TiJh Pt T ^ 

loZU t I proportion of the immature fibres in the 

longest length is very - great in this cotton. But since great care was taken 
agamst any breakage during the preparatory processes the influence of this 

factor should not be considerable. - nuence oi this 
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Immaturity percentage according to Clegg’s method 


Dead 
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(b) Convolutiom 

The frequency distribution of this character is recorded in Appendix I. 
It will be seen that the distribution is considerably skew excepting 
in the strain 2405 where it is normal. In the first three cottons 
the frequency in the first class-interval is so high that it makes the frequency 
polygon look like a combination of a normal curve with an exponential curve 
(Fig, 4 a). If the ripe fibres alone are considered, the distribution is normal 
(Appendix II). 

The mean values of the number of convolutions per centimeter are given 
in Table II, column 6. As the number of fibres tested is considerably less 
than required for the correct estimation of this property, and as the observed 
distribution is very skew in aU samples but one, the conclusions drawn should 
be considered to be only very approximate. 

In the irrigated sample of Co 2 the number of convolutions per centi- 
meter increase from 25 *4 for the longest group-length to 50*6 for the 7/8 in. 
with a fall to 40*6 for the 5/8 in. In the same strain grown under rain-fed 
conditions the variation is not so large. It can be said to be constant in all 
the group-lengths at about 45 except for a rise to 59" 8 in the 7/8 in. which 
group-length, it is interesting to note, records the highest value in the irri- 
gated sample also. In Karunganni on the other hand the variation is more 
distinct and is only in one direction- It is 38" 8 for the longest length and 
20 vO for the shortest, the fall appearing to be gradual in the intermediate 
lengths. In the strain 2405 no regular trend of variation is apparent though 
some diiferences are significant. 

The relationship between the convolutions and the maturity of the 
fibre may now be considered employing the ratio of fibre-diameter to wall- 
thickness as a measure of the maturity. The correlation coefficient cannot 
be calculated by the produet-moment method as both the characters are 
not normally distributed. The modifications suggested by Yule [ 1929 ], 
namely, plotting the mean value of one of the characters corresponding to 
each group-interval of the other has been employed as shown in Fig. 5, 

It will be seen that the regression lines are not linear, but appear to be 
portions of a rectangular hyperbola. The number of convolutions decreases 
with the decrease in the maturity. The ripe fibres (limits of the ratio 2* 0 to 
3"0) contain the largest number of convolutions, the thin-walled fibres (3 "0 
to 4" 0) contain a lesser number and the dead fibres (above 4" 0) the least. 

It therefore follows that in the convolutions frequency-distribution curve 
(Fig. 4a) the portion corresponding to the small number of convolutions 
belongs to the immature fibres and that to the larger number to the ripe 
fibres ; that is, the ' exponential ’ part of the curve belongs to the immature 
and the / normal ’ part to the ripe fibres. This finding is in agreement with 
the statements of Denliam [ 1923], Clegg [1932] and Gulati and Ahmad 
[ 1935]. 
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(c) Maximum ribbon-width 

The frequenoy distribntion of this 
character is given in fig. 46'^. For 
practical purposes the distribution can 
be taken as normal, though in some 
cases where the immaturity is large 
there is a tendency for the curve to get 
tailed at the farther end. It is obvi- 
ous that the collapsed immature fi.bre, 
exhibiting a large ribbon-width, is res- 
ponsible for this tailing. The distribu- 
tion obtained by Koshal and Turner 
[1930] for this property is also normal. 
The mean values are given in Table II, 
col. 9. 


Ccz^ iRUiBArEP 
Cot. RAtfiFEO 

KAUUHBAHHt 

Z^05 


In the rain-fed samx3le of Co 2 the 
variation is regular, viz,, rising steadily 
with the decrease of length. In the 
same strain grown under irrigation, 
though some of the values are signifi- 
cantly different from the others the re- 
gularity of the variation is not so 
apparent. Comparing the mean values 
for the iiTigated with the rain-fed sample, 
it will be seen that irrigation appears 
to increase the maximum ribbon-width 
in the longer lengths (Fig. 6). In 
Karunganni the variation is more pro- 
nounced. Most of the differences are 
large and all of them significant and 
the value increases rapidly with the 
decrease in length. In strain 2405 the 
trend of variation is similar (except 
for the 6/8-in. group-length) though of 
a lower degree. 


*For want of space the frequency distributions for all the group-lengths are not 
given in the paper. The frequencies for the one inch group-length are presented in 
Fig. 4, that length being the modal group-length for three out of the four cottons studied. 
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(ci) Mmimiumi ribbon-tindth 

The distribution appears to depart from , normality in Co- 2. and. Karuii- 
gaiini ; the curve is iiiueli flattened and has often a tendency to become M- 
modal ill these strains as can be seen in Fig. ,4c. This behaviour is again due 
to the presence of immature fibres. ' These fibres on account of their being 
thin, crowd about the smaller values and when tlie iiiimaturity is large there 
is an inflation at this part of the curve, , tending to make it depart from 
normality,: and .if the immaturity is sufficiently large this inflation makes 
the curve .even bi-modah A.11 the group-lengths of Co 2 and the shorter 
ones of , Karungamii record such distributions. The distribution tends to 
approach normality in the longer lengths of Karunganni probably on account 
of the, small percentage of immature fibres in these lengths. , In strain 2405, 
where there is practically negligible immaturity, the distribution is normal. 
The writer is not aware of any previous', record of the distribution of this 
character. 

The. significances of the differences between the mean values can be 
assessed by the use of the standard error in strai,n ■ 2405 only. The mean 
values are given in Table II, col. 11. 

It will be seen that both in Co 2 and in Karunganni the differences are 
small and there is no apparent trend of variation, in strain 2405 the 
differences are all significant and the trend is distinct, viz,^ increasing with the 
decrease of length (Fig. 6). 

Irrigation appears to increase the value of the minimum ribbon- width 
especially in the longer lengths, as -was found in the ease of the maximum 
ribbon-width. 


(e) Mean ribbonrwidth 

This attribute is calculated along the .lines described by Barritt ■[ 1930] 
as the mean of the maximum and minimum ribbon-widths. The distribution 
appears to be normal in, all cases (Fig. 4.d). and the standard error is veiy 
small whe.n compared with that of the maximum ribbon- width. The immature 
fibres do not a.ffect this property? as they do the other two ribbon-widths. 
The mean values are recorded ill Table,:II, col. 13., . 

: In Co 2 irrigated some , differences are, statistically significant for, odds, 
20 and there is a faint, , tendency , for the mean ,. ribbon- width to increase 
with the ' decrease of length (Fig. 6)., In the rain-fed sample of the. .same 
strain, the same tendency is' more apiiarent. In Karunganni the trend' of 
variation is the same and all the differences are significant. In strain 2405 
also the behaviour is identical. Hence it can be stated that the general 
tendency is for the mean ribbon-width to rise steadily with the decrease of 
length* 


u 
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The effect of irrigation appears to be to increase the mean ribbon-width, 
more especially in the longer lengths. 

The Yalues of the correlation coelScient between mean ribbon-width and 
fibre length, when all the fibres in all the group-lengths are taken together, 
has been worked out and these are given in Table TV. 

Table IV 


Cotton 


Value of N 
coefSeient 


Value for significance 


Remarks 


It is seen that all the coefficients are negative and significant. 

Taking the mean ribbon-width as a measure of the fineness of cotton, it 
can therefore be stated that the fineness improves with increase of length. 
According to Balls [ 1928] the “general tendency to correlation between 
length and fineness throughout genus Oossypium ” is also the same. The 
association of fineness with length thus appears to be a general rule. 

In discussing the usefulness of the mean ribbon-width Barritt [ 1930 ] 
states “ the two extreme measurements cause considerable increase in the 
dispersion due to the immature hairs, so that the standard deviation of the 
mean becomes a useful measure of the degree of immaturity of the sample.” 
The results obtained in the present investigation may incidentally be utilised 
to verify this conclusion. The results are recorded in Table V. The strain 
2405 has been omitted as there is negligible amount of immaturity in this 
n. ^ 


Co 2 irrigated 


Co 2 rain-fed 


Karunganni 


Strain 2405 


-0*066 1200 

-0*274 1200 

-0*479 1000 

-0*346 1000 


0*0577 

0*0577 

0*0632 

0*0632 


0*0750 Significant 

0*0750 Highly significant 
0 * 0822 Highly significant 
0 * 0822 Highly significant 
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Table V 



Co 2 irrigated 

Co 2 rain-fed 

Karunganni 

Group length 










in 1/8 in. 


Ripe 

Dead 


Ripe 

Dead 


Ripe 

Dead 


S. E. 

fibres 

fibres 

S. E. 

fibres 

fibres 

S. E. 

fibres 

fibres 



(per 

(per 


(per 

(per 


(per 

(per 



cent) 

cent) 


cent) 

cent) 


cent) 

cent) 

10 

0*020 

46*5 

40*8 

0-020 

51-5 

34*0 




9 

0*020 

41*0 

40*5 

0-020 

47*8 

44*5 

0*017 

75*2 

8*0 

8 

0*023 

55*5 

28*8 

0-019 

59-5 

29*5 

0*018 

72*0 

15*2 

7 

0*024 

64*8 

22*5 

0-023 

67-5 

20*5 

0*019 

66*8 

27*8 

6 

0*031 

62*0 

26*5 

0-028 

61*8 

27*2 

0*021 

56*5 

38*0 

5 

0*030 

57*7 

30*5 

0-031 j 

50-0 

37*8 

0*020 

52*2 

43*5 


The results indicate that in both the samples of Co 2 the standard error 
increases steadily with the fall in length in spite of the significant variations 
of the immaturity in nearly the opposite direction. In Karunganni, though 
there is a large rise in the immaturity with the decrease in length, the varia- 
tion of the standard error is very little. It is much smaller than that found 
even in the strain Co 2, where the variation in the matmdty is less marked. 
Hence the conclusion of Barritt, namely, that standard error of the mean 
ribbon-width being a measure of the maturity, cannot be said to be borne 
out in the samples under study. 

(/) Swollen fibre-diameter 

The diameter measured in the present enquiry corresponds to the swollen 
diameter studied by Calvert and Summers [ 1925] and by Barritt [ 1929 ] 
with this difference, namely, that in the present case the fibre is held tight at 
the two ends so that it is not allowed to contract diuing the swelling process. 
The frequency distributions are given in Fig. 4e. It may be recalled that the 
number of fibres tested is 400 in the first three cottons and 200 in the fourth, 
namely, strain 2405. The mean values are recorded in Table II, col. 16. 

In the strain Co 2, both irrigated and rain- fed, the fibre-diameter increases 
steadily with the decrease in length up to 6/8 in. with a slight fall in the 5/S in. 
(Fig. 7). Most of the differences, even between consecutive group-lengths, 
are significant. In Karunganni also the diameter increases with the fall 
in length ; the difterence between 6/8 in. and 5/8 in. alone is not, however, 
statistically significant. In strein 2405 also the same trend of variation 
is noticed and all the differences are significant. The increase of fibre-diameter 
with the decrease in length appears thus to be the general rule. 

The effect of irrigation in the strain Go 2 appears to be to increase the 
diameter in the longer lengths, as was found to be the tendency in the case 
of the ribbon- widths, indicating that the fibre-cells tend to grow^ bigger under 
irrigation. 
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The value of the ratio DID — d for 
co 2 . ImiGATED the ripe fibres ranges from 1 • 0 to 1 • 5 ; 

Ct>Z’'RAlNFMa 

K An wo An m / most of the values, however, lie in the 

neighborhood of 1*0 and the mean 
value comes to less than 1*1. Calcu” 1 

lating from this value the weight of a 
fibre in the ' ripe ’ class conies to 0 * 992 
of a perfectly ripe fibre, whose weight . 
is taken as 1*0. For the thin-walled 
fibres the ratio ranges from 1*5 to 2* 0 
and the mean can be taken as 1*75. 

This gives the weight of the thin- 
v/alled fibre as 0* 816 of the perfectly 
rijie. For the dead fibres the mean 
value of the ratio varies rather widely, 
ranging from 2*5 to 5*0 or even more 
in a few cases. But for most of them 
the mean can be taken as 3*3 which 
gives the weight as 0*487. 

10 9 % r 6 5 

Group-lengtli in J in. 

Fro. S 

Tlie values got by Peirce and Lord [ 1934 ] by actual weighing are 0-76 
and O’ 45 respectively for the thin- walled and dead fibres. The figures ob- 
tained by them from microscopical measurements also are nearly the same, 
being O’ 69 and O’ 74 for the thin-w’alled and 0’ 38 for the dead. The results 
obtained in the present case should, therefore, be considered to be a little 
higher. This might be due to the choice of the smaller upper limit (4 and not 
6, as according to these authors) for the thin-walled fibres in the present case 
as already referred to on page 311. 
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V. Conclusions 

The following conclusions can be drawn from the results considered in 
the foregoing : — 

(1) The variation of the maturity of fibres with respect to length is 
different in different strains ; further work is to be done before 
it is possible to state that a particular variation is due to strain 
or oiiltiue. 


(2) The convolutions per unit length also indicate different trends 

of variation in the different cottons. 

(3) The maximum ribbon-width, mean ribbon-width and swollen 

diameter generally decrease with the increase of length, in- 
dicating the general tendency of improvement of fineness with 
length. 

(4) The minimum ribbon-wddth and swollen wall-thickness are not 

reliable measures on account of their skew distributions in three 
out of four cottons studied in the present work. 

(5) The number of convolutions per unit length has a definite relation- 

slfip with the maturity of the fibre, decreasing with the decrease 
in tlie degree of maturity. 

(6) A general survey of tlie standard errors discloses the fact that 

fibres are more uniform in their physical properties in the 
longer lengths than in the shorter. 

(7) The effect of irrigation in strain Co 2 appears to be to increase 

the diameter of the fibre-cell, more especiallv in the longer 
lengths. 
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I. Introductory 

The present investigation is part of an extensive work which is being 
carried out in this Laboratory on the pathological aspect of the root-rot 
disease of cotton in order to discover control measures for this serious disease. 
The work includes quantitative study of changes that occur in the plants 
that have died as a result of the root-rot disease. 
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Plants that have recently wilted on account of the attack of root-rot 
have all their root tissues, particularly the bark, broken down into shreds 
and can be easily pulled out of the ground. The disease actually starts 
much earlier and "the manifestation of the disease above ground in the form 
of wilt is a very late symptom. Roots of diseased plants are moist and sticky 
to the touch, and leave a yellow stain on white surface [ Vasudeva, 1935 ]. 

The disease invariably appears in patches, but sometimes when two 
plants are growing , at the same spot only one of them might succumb to 
root-rhf: The work reported in the present paper was undertaken with a 
view to determine the differences in the chemical composition of the diseased 
and healthy cotton plants growing in the same field, 

Q. Material and method 

Sampling was carried out in plot No. 46/24 of the Botanical area at the 
Agricultural Research Station, Lyallpur. Samples of healthy and diseased 
cotton plants of variety 15-Mollisoni standing side by side in the same field 
were collected for analysis. Plants which had just begun to show the first 
signs of wilting, i.e., the wilting of the topmost leaves, represented the diseased 
samples. As far as possible care was taken to select plants of the same age, 
size and height. The plants were dug out very carefully so that the greater 
part of the root-system was left intact. The digging, in order to expose the 
lowermo.st portion of roots, had to be carried out up to a depth of four feet. 
As soon as the entire plant was pulled out, it was divided into root, stem 
and^ leaf portions and each part was immediately put into separate air-tight 
glass jars. About thirty to fifty plants of each sort, i.e., diseased and healthy, 
were worked into a composite sample which formed the final representative 
sample. Sampling was carried out throughout the season between 8 and 
10 A;M. As soon as the samples were taken, they were carefully washed in 
a gentle spray of running water in order to remove the adhering soil particles. 
Care was always taken to prevent leaching during the cleaning operation, 

• The washed samples were carefully dried between folds of filter paper. 

A. Sample for carbohydrate analysis 

A portion of the fresh sample of root, stem and leaf of diseased and 
healthy plants was weighed and put into 90 per cent boiling alcohol-. After 
a few minutes’ boiling the samples were kept in air-tight jars with a few 
drops of toluene for further use. 

- The remaining material was put in hot air- oven at 95°C. where it was 
left for about half an hour in order to stop the enzymic activity. The tem- 
perature of the oven was then, brought down to ab out 50 to 55°C. The sample 
was left to dry at this temperature till constant weight was obtained. After 
the sample had dried, it was ground down to pass a 100-mesh sieve. The 
sample thus prepared was preserved in air-tight bottles and this formed tbij 
starting material for all subsequent analyses. 
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B. Sample fob chemical analysis 

The dried material was ashed in 500 c.c. porcelain dishes over the open 
Bunsen burner flame. The material was kept stirring with a glass rod in 
order to prevent fusion of the ash ingredients. The temperature of the ash 
under the conditions was not allowed to rise above 500°C. When almost 
constant w^eight of ash was obtained, it was f)reserved in air-tight bottles 
for further use. For the chemical analysis, a known weight of the ash was 
extracted with concentrated hydrochloric acid for eight hours as detailed in 
the Oificial Method [ 1936 ]. 

The extract thus prepared was evaporated to complete dryness over 
water-bath, where it was left for four to five hours to dehydrate silica. After 
dehydration 6f silica, the residue w’-as taken up with dilute hydrochloric acid, 
made up to a known volume and filtered. The residue on the filter paper 
was washed, dried and ignited for the determination of the soluble silica 
content of the ash in the filtrate. The various mineral constituents were 
determined by methods described elsewhere. 

Ill, Experimental, 

A. Oabbohydbatbs 

The carbohydrates in the preserved samples were extracted with 80 
per cent boiling alcohol using Soxhlet’s extraction apparatus. The extrac- 
tion was always allowed to proceed overnight. The extract was ev asperated 
almost to dryness at 40°G. and the residue was taken up with distilled watei . 
The gummy matter in the water extract was precipitated with lead acetate 
and the excess of lead acetate was removed by adding to the filtrate an exti a 
quantity of sodium phosphate and filtering again. A few drops of toluene 
were added to the filtrate as a preservative. Reducing sugars and total 
sugars were estimated separately, the difference being reckoned as sucrose. 
The method followed for the determination of reducing and total sugars was 
essentially the same as described by Hanes [ 1929 ] and later by Hulme and 
Narain [^931 ]. The method consists in oxidising the reducing substances 
with excess of potassium ferricyanide. The excess of the reagent is made 
to liberate an equivalent amount of iodine from potassium iodide, which is 
titrated with standard thiosulphate solution. 

The results are calculated on the basis of the fresh weight of the material 
taken. The results of the analyses are set out in Table I. 
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Table I 

Distribution of carboh i/drates in healthy and diseased cotton plants {mg. in 100 

grams of fresh material) 


neduclng sugars 1 

1 Total sugars 

i 

1 

1 ^ 

1 " 

1 « j 

H 

D t 1 


IStli June 1937 
29fch June 1937 
13th July 1937 
27tli July 1937 
13tii Aug. 1937 . 

19tli June 1937 
29th June 1937 
13th July 1937 
27th July 1937 
13th Aug, 1937 ^ 

19th June 1937 ' 
29th June 1937 
13tli July 1937 ^ 

27th July 1937 
13th Aug. 1937 J 


219*5 669*0 


587*6 1130*6 


' 1918*0 2725*0 

2106*0 3328*0 

10*9 I 1168*0 1274*0 

778*3 742*6 

496*4 1044*0 

■) 1345*0 2230*0 

1417*0 2690*0 

4*5 I 814*0 1505*0 

778*3 

1009*0 2530*0 

■) 1239*0 1629*0 

1060*0 1770*0 

6*1 920*1 1911*0 

666*3 955*6 

^ 1115*0 2265*0 


1615*0 2051*0 ' 

1986*6 2659*0 


624*3 I 402*6 
382*1 853*0 

867*0 1469 *o” 

829*4 1569*4 

500*7 995*0 

493*3 

706*5 1782*0 

932*8 1122*8 

741*4 1041*0 

636*9 1121*9 

219*3 311*6 

668*0 1657*0 


H“ Healthy, I) = Diseased. 


The statistical significance of the differences in healthy and diseased 
plants was evaluated by ' Student’s Method ’ as described by Fisher [ 1925 ]. 
In this method a function, t, is calculated from the data and the probability 
of the result recorded being significant is greater or less according as this 
number is large or small. For a series of about five observations the value 
of ^ ^ ’=:2’ 57 is on the margin of significance (the usual 20 : 1 standard being 
adopted). 

The value of ' ^ ’ for comparison of reducing sugars is fairly high, showing 
thereby that the results recorded are significant and that the reducing sugars 
ill all parts of diseased plants, i.e., root, stem and leaf are higher than in the 
respective parts of the healthy plants. The total sugars are significantly 
high both in the stem and leaf of the diseased plants. In the case of diseased 
roots the total sugars are high in four samples, but the results are negative in 
one sample. 

Sucrose is also higher in the root, stem and leaf of the diseased plants. 

B. Nitroghh 

Nitrogen in the diseased and healthy plants was estimated a^s total nitrogen, 
nitrate nitrogen and ammoniacal nitrogen. 
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Total niti'ogen was determined by the Official Gunning method [ 1936 ] 
modified to include the nitrogen of nitrates. 

The inorganic fraction of mtrogen in the plant material was determined 
by the method described by Session and Shive [ 1928 ]. 

The method followed consists in distilling over the ammonia formed 
with a strong current of air. The free ammoniacal nitrogen in the jjlant 
material is first liberated with saturated sodium carbonate solution con- 
taining dissolved sodium chloride. The ammonia liberated is distilled over 
into standard acid contained in wide-mouthed glass tubes comiected with the 
reaction flasks. A strong current of air is allowed to pass overnight both 
through the reaction flasks and the receivers. The system is disconnected 
and the excess acid is titrated against standard alkali. To the reaction 
flask is now added a known weight of Devarda’s alloy and enough sodium 
hydroxide to give approximately NjS solution in the reaction flask, from which 
acid is poured into the receiver tubes and a few drops of methyl red indicator 
added. Aeration is again allowed to proceed overnight and the excess acid 
is titrated against standard alkali. In this method there is no likelihood 
of any other portion of nitrogen, except the nitrate, coming over, as the 
entire experiment is conducted in the cold. 

The results of the nitrogen estimations in different parts of healthy 
and diseased plants are given in Table II, 

Table II 


Distribution of nitrogen in healthy and diseased cotto7i plants {mg. 2 )er 100 gram 

dry matter) 


Date of sampling t Material 


XHs — nitrogen 


XO3 — nitrogen 


19th June 1937 1 

29th June 1937 

1 

10*0 

4*6 

19-0 1 

7-4 


214*0 

163*0 

186*0 " 

150*0 


13th July 1937 

27th July 1937 

-Eoet 

3*2 

6*6 

* 2*9 

170*0 

136*0 

* 5*2 ^ 

13th Aug. 19 37 ^ 

- 

6*0 

8*^. 


83*0 

J 

63*0 ^ 



1270*0 
970*0 
1610*0 
1110*0 
1180*0 I 


19 th June 1937 1 
29th June 1937 
13th July 1937 
27th July 1937 
13th Aug. 1937 J 


Stem 


14-0 

14-0 

4*2 

8*3 

7*9 


17*0 

20*0 

13-5 

17*7 

9*7 


672*0 

409*0 

425*0 

414*0 

167*0 


479*0 

357*0 

234*0 

289*0 

123*0 


2210*0 

1790*0 

2230*0 

1800*0 


i 2070*0 
1820*0 
1940*0 
2000*0 


Total nitrogen 


I 

1630*0 

1390*0 

2070*0 

1380*0 

1580*0 


^ 11*8 


42*0 

37*0 

62*0 

42*0 

29*0 


48*0 " 

1 

108*0 

134*0 1 

■ 

39*0 

63*0 

1 

^ 3*4 

117*0 

- 139*0 

144*0 

162*0 

* 2*7 

60*0 

31*0 „ 

- 

151*0 

111*0 

169*0 

103*0 , 

1 


4700*0 

3820*0 

4570*0 

4220*0 

4960*0 


19th June 1937 
29th June 1937 
13th July 1937 
27th July 1937 
13 th Aug. 1937 


4440*0 

3990*0 

4210*0 

4260*0 

3520*0 
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The following are the chief points of interest 

(a) Total nitrogen in the diseased roots is significantly higher than in 
healthy roots. 

(b) Amnioniacal nitrogen is significantly higher in roots, stems and 
leaves of the diseased plants. 

(c) Nitrate nitrogen is significantly higher in roots and stems of healthy 
plants. 

C. Chemical analysis 
{a) Estimation of ash, iron and phosphorus 

Ash , — This was determined according to the method already described. 

Iron .' — In samples of the hydrochloric acid extract of the plant material 
iron was estimated coloriinetrically by Daniel and 'Harper’s micro-method 
[ 1934 ]. This method consists in oxidising the iron into ferric state with a 
few drops of concentrated nitric acid and subsequently developing the colour 
with potassium sulphocyanide and comparing the tinge with controls 
containing known quantitities of iron. Standard iron solution was pre- 
pared by dissolving known weight of reagent grade ferrous ammonium sulphate 
in distilled water and oxidising with potassium permanganate. It was 
found during the course of these estimations that if either hydrochloric acid 
or nitric acid was omitted from the standard solution the shade of the 
colour developed with sodium sulphocyanide would not compare with that 
of the test solution. Accordingly the same quantities of hydrochloric acid 
and nitric acid were added to the control solution as were contained in the 
test solution. 



Phosphorus . — ^Phosphorus was determined colorimetrically by the Official 
micro-method [ 1936 ]. The colour is developed with ammonium molybdate 
solution. Hydroquinine solution is then added to the test sample, the latter 
in the presence of sodium sulphite develops a blue colour with the solution 
containing phosphate. The tinge was compared with controls containing 
known amounts of phosphate. 

The results of ash, iron and phosphorus estimations are given in Table 


EOOT-ROT DISEASE OF COTTON IN THE PUNJAB, VI 
Table III 

Per cent ask, iron and pkospkorm in healthy and diseased 
cotton plants 
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From the data the general conclusions deduced are as follows : — 

(i) There is no significant difference in the ash of diseased and healthy 
roots and leaves. 

Stems of diseased plants contain lower percentage of ash. 

(ii) The diseased roots contain a higher amount of iron and the results 
are statistically significant. 

The amount of iron in diseased samples of stems and leaves is 
lower in four out of five samples analysed, but the re- 
sults are not significant. 

{Hi) There is no significant difference in phosphorus content of roots, 
stems and leaves of healthy and diseased plants. 

(6) Estimation of potassium, sodium and calcium 



Potassium . — Determinations of potassium were made according to the 
method described by Milne [ 1929 ]. Potassium was precipitated with cobalti- 
nitrite reagent. 

/Sodium.— This was determined gravimetrically by precipitation with 
Kahn’s reagent, i.e., magnesium uranyl acetate [ 1930], The precipitate 
was washed with alcohol and ether and weighed. Before the actual estima- 
tion of sodium and potassium, the test solutions were completely freed from 
extraneous elements. Throughout these estimations a reagent control was 
run side by side. 

Calcium.— IMs, was estimated in the hydrochloric acid extract micro- 
chemically by the Official method. Calcium was precipitated as oxalate 
at pH 5. 

The results of potassium, sodium and calcium estimations are given in 
Table IV. 


Table IV 

Per cent potassium, sodium and calcium in healthy and diseased cotton plants (mg. per 100 grms. dry matter) 
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The data bring out the following points of interest. 

(i) The roots of diseased plants contain less potassium. 

(fi) The stems of diseased plants contain less sodium. 

{Hi) Diseased leaves contain significantly less calcium. 

(iv) There are indications that the diseased roots contain a higher 

amount of calcium, results being on the margin of significance . 
The percentage of calcium in diseased plants as a whole is, 
however, significantly less. 

(v) It is observed that calcium-potassium ratio is significantly higher 

in diseased roots. 

(c) Total sugars arid potassium ratio 

The ratios deduced from the carbohydrate and potassium analyses are 
given in Table V. 

Table V 

Total sugar sj potassium in healthy and diseased cotton plants 
Sample ! Material Healthy Diseased t 







Fe in leaf/Fe in root Ca in leaf/Ca in root K in leaf/K in root 


Sample 


H 

D 

t 

H 

B 1 

t 

H 

D 

1-66 

0-94 " 


16*67 

12*07 ' 


. . 

. . 

2-36 

1*58 


19*11 

13*61 


0*94 

1-44 

0-73 

0*79 

.3*0 

9*52 

7*65 

^4*1 

0*73 

1*12 

1*81 

1*02 

I 

1 

12*76 

6.05 


1*06 

1*21 

1*01 

0*76 ^ 


j 12*0 

10*4 ^ 



2*17 


The results given above shov^^^ that (i) the ratios of iron in leaf to iron in 
root and calcium in leaf to calcium in root are significantly lower in diseased 
plants. This means that although there appears to be accumulation of these 
two elements in the roots, the stems and leaves of the diseased plants are not 
able to make use of it. Further investigation must decide whether this 
condition is the result of disease or vice versa, {ii) the ratio of potassium in 
leaf to potassium in root is significantly higher in diseased plants. 

Thanks are due to Professor J. C. Luthra, I.A.S., and Dr. P. E. Lander ^ 
I.A.S. for their keen interest throughout the course of this investigation. 
Thanks are also due to Dr. Ramji Narain for valuable suggestions and to the 
Indian Central Cotton Committee for financing the scheme. 

The Junior author carried out some of the analytical work under the 
guidance of the senior author. 


It is clear from the data that total sugar/potassium is higher in stem 
and leaves of the diseased plants. 


(d) Distribution of various elements in the leaf and root 


Comparative distribution of iroUj calcium and potassium in the leaf 
and root of healthy and diseased cotton plants is shown in Table VI. 


Table VI 


Comparative distribution of various elements in the leaf and root of healthy and 

diseased cotton plants 
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IF. Summary 

The diseased cotton plants which have wilted as a result of the root-rot 
attack exhibit marked differences in chemical composition as follows : — 

1. Reducing sugars and sucrose are higher in all parts, i.c., root, 

stem and leaf, of diseased than in the corresponding parts of 
healthy plants. 

2. Total and ammoniacal nitrogen, iron and the ratio of calcium to 

potassium are significantly higher in diseased than in healthy 
roots. 

3. The ratios of iron in leaf to iron in root and calcium in leaf to calcium 

in root are lower in diseased plants and the ratio of potas- 
sium in leaf to potassium in root is higher in diseased than in 
healthy plants. 
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NOTE 


DECREE No. 24000/1936 E. M. OF ROYAL HUNG-ARIAN 
MINISTRY OF AGRICULTURE ON THE SUBJECT 
OF GOVERNMENT PHYTOSANITARY 
SERVICE REGULATIONS 

Section 1 


. ^ ^ of 1^36 on the sTibiect of the 

insertion of the International Agreement of Rome of April 16th, 1929, on plant 
protection, and based on Section 1, para. 2 of Decree No. 6300/1936 M. E. 
concerning the cessation of the Ministry in the Trade of Medicinal and 
I ndustnal Plants, I have decided on the constitution of a Government 
Phytosamtary Service to prevent and diminish loss caused to Farm and 
change whether by harmful insects, parasitic plants, or biological 


Section 2 

of the Government Phytosanitary Service are as under* 
Co-operation with cml authorities in the enforcement of decrees and laws al- 
ready passed or ^y future laws on the subject of the prevention of, and struggle 
against, loss in Farm and garden produce caused either by harmful insects 

Art XV of 1882 with reference to the insertion of the International Agriment 
of Berne of November 3rd, 1881, on the protective measures to be take? SSnst 
phylloxera vastatrix ” as well as the complementary article of the law afreadv 
mentioned. Art XLI of 1889 ; Art XVII of 1883 on the same subject • aII 
f Supervision of Fields ; Executive dause N^ 

preceding law ; Art. XXXI of 1907 on the destruction 

lAvSrirt XLTV ofthepreced- 

in^_ article , Art. XLIV of 1925 on the precautions to be taken to prevent the 

spreading of potato diseases such as potato gangrene 

Article^-^i^XV^^^^^ of 1926 of the preceding 

Article , ,^t. XYII of tFe 1936 law concermng the insertion of the international 

agreement of Rome of AprAlSth, 1929, on the protection of pCtT theT- 
couragement of adnumstrative authorities to activity in that respect, and assis- 
tance by practical advice to producers concerned in their work of protectio n. 

( 343 ) 
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Section 3 

Control of the Government Phytosanitary Service 
Tlie Government Phytosanitary Service is under the general control of the 
Royal Hungarian Ministry of Agriculture. [The actual department of the 
niinistry that deals with this subject is the Phytosanitary Section IX. 4.] 

Section 4 



Departments of the Government Phytosanitary Service. 

1. Consultative Body. 

Phytosanitary Council. 

2. Experimental Body. 

Royal Hungarian Phytosanitary Institute. 

3. Administrative Bodies. 

(а) Royal Hungarian Phytosanitary Service. 

(б) Royal Hungarian Phytosanitary Districts. 

(c) Local Phytosanitary Agents. 

Section 5 

The Phytosanitary Council is required to make recommendations to the 
Royal Hungarian Mnister of Agriculture on any special question asked by this 
latter, and should make its proposals for its decisions. 

The organization and Regulations of the Phytosanitary Council will be 
established by a special decree of the Royal Hungarian Minister of Agriculture. 

Section 6 

The Royal Hungarian Phytosanitary Institute, as the central body, has the 
following tasks : — 

Theoretical and practical study of insects and parasitic plants, fungi and 
germs harmful to agricultural and garden produce, damage caused by biological 
change, as well as conditions of life of parasites and weeds. 

Improvement on methods of protection, examination of preventative 
measures and protective machinery, laboratory examination and practical 
experiments, on different protective substances. 

Organization on the ground of means of destruction of insects or parasitic 
plants which have made serious inroads in certain districts, by enlisting public 
participation or by asking for help from the State. 

Practical advice and gratuitous special explanation to government authori- 
ties or private individuals concerned in the farm or garden produce. 

Assistance in the coKection of practical publications on plant protection 
organization of public lectures, systematic communication by broadoasting of 
actual phytosanitary questions. 
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Piiblicat'ioii of an Annual containing the results of the Grovernment Pliyto- 
• sanitary Service. . 

The organization and rules for the interior maiiageinent of the Royal 
Hungarian Phytosanitary Institute will be laid down by a special decree from, 
the Royal Hungarian. Minister of Agriculture. 

Section 7 

. The objects of the Royal Hungarian Phytosanitary Service, as the central 
administrative body, are as under:— 

Gleiieral supervision of phytosanitary affairs of the countiy, phytosanitary 
exaniinatioiis in relation to the international import and export trade in agri- 
cultural produce (fruit, potatoes, onions, staddles, vine-shoots, seedlings, slips). 

The conducting of examinations on the ground and the taking of measures 
in case of pliytosanitary prohibition ; pliytosanitary control and the inspection 
of establishments concerned with the cultivation, improvement, and trade in 
agricultural and garden produce (nurseries, seed depots, horticultural establish- 
ments, and other establishments for imijrovement of produce) ; the supervi- 
sion of the enforcement of compulsory protective measures (extirpation) against 
insects and harmful plants ; Examination of Pliytosanitary control as regards 
improved plants (seeds, bulbs) and with the verification and registration of the 
kinds permitted by the State ; compilation and preparation of statistical re- 
turns on damage caused by inclemency of the weatlier, insects and harmful 
plants, based on official phj^tosanita.ry reports ; instruction of district officials 
and directors, as well as personnel employed on phytosanitary experiments. 
Encouragement and direction of propaganda for the protection of plants 
against harmful insects and parasitic plants ; control of the special activity 
of District Phytosanitary Administrators and examining bodies, and the com- 
pilation of statistics on their actions, assistance in the publication of the 
Government Phytosanitary Service Annual and composition of j)3?actical 
manuals. 

The central office of the Royal Hungarian Phytosanitary Service is Minist- 
ry of Agriculture V, Kossuth Lajoster 11, Budapest. Telegraphic address ; 
Plantval Budapest. 

The organization and rules for the interior management of the Royal 
Hungarian Phytosanitary Service will be established by a special decree from 
the Minister of Agriculture. 

Section 8 

The Phytosanitary Districts, in their capacity as exterior administrative 
bodies, have the following tasks : — 

Constant supervision of the phytosanitary condition of their area ; the 
conducting of phytosanitary experiments and quahficationsj reports to the 
Royal Hungarian Phytosanitary Service of the extent of damage caused by 

X 
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o4:D 

c 1 1 nr iiicleiiisiicy of tho weather ; the coinmeiiee- 

iiisects harmful plan character on phytosamtary 

ment ol_ practical and ^ accordance with orders received ; 

affairs either on tlmi ^ ^■uilcts loeal authorities in the enforcement of 

to sUmulate rth of tho required measurea ; 

lews and ‘J’*"®**' .?i,e eubuiission of proposals to higher authority. 

l^atitTffTSle °eaL of phytosanitation within their sphere 



of activitjL , n 1 la 4- 

Furthermore, it is their duty ^""^^clfknowreSlran^^^^ 
sanitary agents, to ® ^ ^ and to prepare in the course 

:S"‘geSS the dUaded re?ort^s of these o«dals 

(Service of Information). 

T'hpqr are to correspond with regard to their reports, requests, and pro- 
Thej P TTmio'flriTjn Fhvtosanitary Service in cases of 

posals direct J Sfcumstances a?e those ofimminen/danger ; information 
STS Srlc\ to the Royal Hungarian Minister of Agriculture by telegraph 
or telephone. 

The organization of Royal Hungarian Phytosanitary districts is as 

below : — 

Roval HuiK^arian phytosanitary districts are organized in administrative 

ment in amiculture or horticulture. Special districts are organized in towns 
with a municipality in big agricultural centres with large areas of cultivated 
ground from the agricultural and horticultural point of vi w. 

District Directors are chosen from school or Agricultural Institute iiro- 
fessors Elected by the Royal Hungarian Minister of Agncultui-e for instruct- 
int oJ the coiresLmlina subject or from Phytosanitary Service, personnel 
employed in schools or other public agricultural establishments. Any areas 
S^yi possessed of such a_ school or estabhshment will be provisionally 
attached to the nearest district. 


Section 9 

■f agents, as employees in the local Government 
e following objects: — • 

of the special activities of district phytosanitary 
hand work of local phytosanitary interest. 
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The organization of local phytosanitary agents is as below : — ■ 

Local phytosanitary agents are nominated yearly by the Royal Hiingariaii 
Minister of Agriculture from agriculturists, vine dressers and gardeners of 
suitable education. Their range of action should extend over the whole or a 
part of the area of a town, parish, or parish area, as may be suitable to Royal 
Hungarian phytosanitary districts. 

Section 10 

Information Service 

To ensure the working of the Government Phytosanitary Service, its 
information service should be developed to a high degree of efficiency. The 
information service is both normal and special. 

Normal communications include all about damage caused by inclemency 
of the weather, the importance and devastations of harmful insects and the 
best known parasitic plants. In accordance with the character of the damage 
or the agents that cause it, these communications should take place at inter- 
vals of varied length. 

Special communications take place whenever certain pests, .known or 
unknowm, act unexpectedly on a large scale. Such communications should be 
incidental 

Section 11 

The collaboration of Civil Authorities in phytosanitary matters. 

^ The directing agents of the Government Phytosanitary Service should 
maintain close co-operation with the civil authorities involved, and should 
be at the disposal of the latter as regards their special opinion. 

In return the civil authorities should guarantee uninterrupted /w^ork to 
members of the Governinent Phytosanitary Service. 

Sectio’n 12 

The task of the Government Phytosanitar)?- Service in the realms of inter- 
national affairs is as below' : — * ■ * • 

To ensni'e the fulfilling of their obligations as regards iiiteniatiorial trade 
in plants, and also obligations . foreshadov/ed in the clause of Art. XVH of 
1936 on the subject of the insertion of the International Agreement of Rome, 
dated April i6th, 1929, on plant protection, as ’well as those foresliadow^ed in 
other law’^s and decrees with regard to plant protection (section 2) and those 
required by foreign states in international trade of this nature. 

Phytosanitary examinations laid down by international agreements in 
export and import traffic in farm produce are carried out by the Royal Hiiii' 
garian Phytosanitary Ser^fiee, 'and by special agents nominated by the Roy el 

x2 
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HiiBga,iiaB Minister of Agriculture. By the help of these specialists, export 
proclnce is graded, and marked with qiialilication signs. Any attestations 
related to this subject should be made in the name of '' Royal Hungarian 
Pliytosanitary Service.” 


Section 13 


The present decree on The subject of international trade in plants will 
come into force on January 1st, 1937, and as regards internal trade in Novem- 



ber Ist,^ 1936. Consequently, Decree No. 49,000/1932 B. M. in the rules of 
the Royal Hungarian Service for the protection of plants becomes null and void 
as regards international trade in plants, with effect from January 1st, 1937, 
and as regards internal trade with effect from November 1st, 1936. 


Ferenc MAR,SCHALL, Dr, 

m.p. 

Secretary of State, 

(for Minister). 


Bubapest ; 

October 27th, 1936. 


List of specialist Officials Authobizeu to sign Phytosanitarv Cebtificates 

AS LAID DOWN BY THE GOVERNMENT PhYTOSANITABY SebvIOE IN THE KINGDOM 

OF Hungary. 

Mabton Aozel . . . , Official in special employment. 

Laszlo Agh . . . . Agriculturist with diploma. 

(Official in special employment.) 

Gusztav Aigneb . ... Director of Royal Hungarian Special School of 

Agriculture. 

Professor of Agriculture. (Delegated director.) 

Supernumerary Agricultural Official. (Delegated 
assistant.) 

Director General of Experimental Agricultural 
Research. 

Agriculturist with diploma. (Official in special 
employment.) 

Supernumerary Official in Yine Cultivation. 

Supernumerary Official in Experimental Agricul- 
tural Research. 

Supernumerary Official in Experimental Agricul- 
tural Research. 

Professor of Agriculture. 

Sub -professor of Agricultiu’e. 

Inspector of Agriculture (retired). 

Sub-professor of Royal Hungarian Agriculture. 


Janos Ambrxjs ■ 

ISTVAN BaGOTAI 


Gabob Baho 
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Alabar Czibaey 

ISTVAN CSABAI . , . 

Bela Csaitady . 

Jeno CSEH 
Lajos Csebby 
Enbbb Csete 
Sawbor CsEa?E 

, GyOBGY CSON-GBABI 
Zoltan 'Csobba . 

Beno Dieba . ' 
Istyan Dobo 
Er^to Dbavetzey-Koos 
Tib OB Ebdelyi . 
Anbras Eerke . 

Laszlo Gajaby . 
Istyan Galamb . 

Denes Gabos 
^Janos Gaman 
I fj. Istyan Gergely . 
Janos Gebgely . 

ZOLTAN GeBO 
Janos Giber 
Janos Gollner . 

■ Eebenc Gruber 
Eebenc Gucsy . 

Antal Gulyas ■. 

Kornel Gyenes 
Gyula Bajos , , 

ISTYAN HaJOS . 

Gyula Halmos . 
IstvanHabkai . 

Erno, Hekela . 
Kalman Hinener 

Vifcez'FERENCE Horvath 

Vltez Iyan Horvath . 
SaNDOR. IM-E; ' * 


. A,gricultiiralist with diploma (in special employ- 
ment). 

. Supernumerary Agricultural official 

. Professor of Agriculture (retired.) 

. Sub-professor of Agriculture. 

. Inspector of Horticulture. 

. Professor of Agriculture. 

' ™ Experimental Agricultural 

. Professor of Agriculture (delegated director). 

official in experimental agricultural 


inspector ijreneral of Horticulture (director). 
Sub-professor of Agriculture. 

Professor of Agriculture. 

Professor of Agriculture. 

diploma (in special employ- 

Professor of Agriculture (delegated director). 
Inspector General of Vine Cultivation. 

Professor of Agriculture (delegated director). 
Sub-professor of Agriculture. 

Sub-inspector of Horticulture. 

diploma (in special employ. 

Assistant in Experimental Agricultural Eesearch. 
Professor of Agriculture (delegated director). 

of 

Supernumerary Agricultural Official. 

Sub-professor of Agriculture (delegated director) 

Sub-inspector of Vine Cultivation. 

Inspector of Horticulture. 

Supernumerary Agricultural Official. 

Supernumerary Official of Vine Cultivation. 
Professor of Agriculture. 

Sub-mspector of Vine Cultivation. 

® Experimental Agricul- 

“ Experimental Agricultui-al 

Professor of Agriculture (delegated director). 
Professor of Agriculture (delegated director). 
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Aitdob I’so 

Istva,:n Janico 
Viktor Kaczian 


Okalyi 

Miixos Orinosay 


Agriculturalist with diploma (supernumerary 
official). 

. Inspector of Vine Cultivation. 

. Agriculturalist with diploma (in special employ- 
ment). 

. Professor of Agriculture. 

Director of Experimental Agricultural Research » 

Professor of Agriculture (delegated director). 

. Sub-professor of Agriculture. 

Director General of Experimental Agricultural Re- 
search, and member of upper council of rural 
economy. 

. Supernumerary Agricultural Official. 

Assistant in Experimental Agricultural Research. 

Supernumerary official in experimental agricultural 
research. 

Director of Royal Hungarian Special School of 
Agriculture. 

. Inspector General of Horticulture. 

Cliief Assistant in Experimental Agricultural 
Research. 

. Sub-inspector of Horticulture. 

Chief Assistant in Experimental Agricultural 
Research. 

Inspector General of Vine Cultivation. 

. Sub-professor of Agriculture. 

, Supernumerary Agricultural Official. 

. Inspector General of Vine Cultivation. 

Agriculturalist with diploma, in sepoial employ- 
ment. 

. Professor of Agricultme. 

. Agriculturalist with diploma (administrator of 
Farm land cultivation). 

, Inspector of Vine Cultivation. 

. Horticulturalist with diploma. 

. Supernumerary Agricultural Official. 

. Supernumerary Agricultural Official. 

. Inspector of Agricultui'e (retired). 

. Professor of Agriculture. 

. Professor of Agriculture. 

. Director of Royal Hungarian Special School of 
Agriculture. 

. Inspector of Horticultui’e. 

. Sub -professor of Agriculture. 

. Professor of Agriculture (delegated director). 


Gyula Kacsmarik 
GY tn.A Kabocsa 
GeZA llii^PITANY . 
Gyorgy Kebecsenyi 
Hebm^inK' Kerk 


Laszlo Ketter . 
Gyorgy Komlossy 
Viktor Kosinszky 

ZOLIAN 'KoVAOS . 

JOZSEF KbANITZ . 
JpZSEF KbENXISB 


Ferenc Kriszta 
Aeadar Laczko . 


Vitez Bela Lomjapataky 
BelaLedany . ' 
Gabor M^vroti . 

Denes IVLarton . 

Ifj. Peter Mattjsovits 


Janos Matbai . 
Sandoe Matbay 


Imbe Mbiszisdeb . 
Gyula Meszoly, 
JozsEF Mikes . 
Bela Mocsy 
Laszlo Molnab . 
AladabJjIbth . 
Jeno Heimeth 
Zoltan Nemthy 


iiOTM- 


Xajos. Palvolgyi 
Bela Pettenkofeeb . 

Vitez Febbnc Peterdy 
Laszlo Gyorgy Polgab 
Jakos Regele ■ . 

Dezso, Bevy 

, Lajos Ripka 
■ Laszlo Santha , 

Gycboy Sabospataki . 

Jeno Sebestyen 
ISTVAN SeBEOK . 
Sandob Sbemakk 
Pbigyes Seiffebt 
Jeno Suhajda . 

Mikeos Szabo 

J OZSEF SZAJBELY 

Gxjsztav Szelenyi 
Lajos Szbntgyobgyvabi 

Lazar Szentibmay 
Geza Szent-Galy"-Faur 
Dezso Szilagyi . 

Jejsto Szibanyi . 

Jaistos Szibmai . 

Ekbbb Szlavik . 

Bela Szombath . 

Ifj. Kalman Tabajdi . 

Gyobgy Tebbay 
Agoston Toth . 

Janos S. Toth . ' 
ISTVAN UbBANYBTZ 
JenoUbbanyi . . ' 

Miklos Yadanyi 
Jeno Vadnai' . ' . 

Sand or Vanosay-- 
Geza Yabga . ■ 

Antal Vabkonyi 


S5l 

. Supernumerary Agricultural OfEcial. 

. Agricultm-alist with diploma, in supernmneraiy 
employment, 

. Professor of Agriculture (delegated director). 

. Inspector of Horticulture. 

. Sub-professor of Agiieultiire. 

. Special professor of the Royal Hungarian Agri- 
ciiitm^al Academy. 

. Inspector of Horticulture. 

. Chief Assistant in Experimental Agricultural 
Research. 

. Agriculturalist with diploma in special employ- 
ment. 

. Professor of iVgricuitur© (delegated duector). 

Professor of Agricultui'©. 

. Professor of Agricultui’e (delegated dii’ector). 

Specialist Official. 

. Sub -professor of Agriculture. 

. Auxiliary Manager of Horticulture. 

. Si^ecial Professor at the higher school of Horticul- 
ture. 

. Assistant in Experimental Agricultmul Research. 

. Director of Royal Hungarian Special School of 
Agriculture. 

Control Official. 

. Superniimerary Agricultural Official. 

. Inspector of Vine Cultivation. 

. Inspector General of Vine Cultivation. 

. Agriculturist with diploma (in special employ- 
ment). 

. Inspector of Horticulture. 
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Soilless Growth of Plants. By Cabletoit Ellis and Millee W. Swaney. ‘ 
Reinhoki Publisliing Corporation, 330 West, 42nd Street, New York, 

■ N, Y. (1938). Pp. 155. Price |2*75 net. 

The extremely interesting subject — soilless growth of plants, that is, the art 
of growing plants without soil — ^lias so long been merely a matter of scientific 
interest and scattered information on this subject could be had only from 
scientific publications which ordinarily are neither very accessible nor intel- 
ligible to a layman. The growing’ of plants in culture solution is well known 
to students of plant physiology and only very recently there has been a move 
on the part of a few enterprising gardener-scientists to exploit the commercial 
possibility of the technique. In recent years brief articles of a popular natui'e 
on this subject have occasionally a|)pea.red in the leading papers of Great 
Britain and the United States ; but to the most peo|)le these are yet nothing 
but a seiivsational piece of new^s of somewhat doubtful utility. 

Messrs. Ellis and Swaney whose contributions to the development of the 
soilless technique are w^ell known, have attempted for the first time to place 
before the general public the details of growing plants without soil. It is 
the first complete treatise which discusses thoroughly the three important 
methods of soilless growth — water culture, sand culture and sub-irrigation. 
In the present work they have expressed in popular language all the relevant 
information on the subject for the use of horticuRurists and amateur gardeners. 
In eight chaiDters they have surveyed the whole process of soilless growth of 
plant, beginning from a general discussion on the chemistry of plant life to 
the formulae of nutrient solutions which are required for plant metabolism. 
The subject matter of the book is likely to appeal both to laymen and scientists, 
specially because the authors have not shown any tendency to indulge in 
high-sounding schemes, more sensational than practical, but have presented 
the subject as a scientifically sound and workable method. 

Wherever there is too much pressure on the land and the climatic condi- 
tions are adverse to the production of green fodders and flowers all the year 
round, the technique of soilless plant growth wiU open up new possibilities. 
These methods will, therefore, undoubtedly prove attractive to American and ; 
Oontinental gardeners or farmers, specially in such localities where green- 
house raising of flower plants and vegetable is a commercial proposition. 
For obvious reasons, the ultimate value of the methods described in the book 
will be very limited, almost negligible, under present Indian conditions. 

Although the underlying principles, as detailed by the authors, are equally 
of interest both to the layman and the scientist, a word of caution is necessary 
regarding the universal application of the methods. Different species of 
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flowers or vegetables have not the same nutrient requirements, and for efficient 
growth and development every species should have its specific nutrient. It 
is, therefore, somew’hat hazardous to treat all types of vegetation by standard 
methods. Unfortunately, nowhere in this book have the authors clearly 
drawn attention to this fact, nor to the fact that considerable amount of work 
yet remains to be done before the methods described could be widely applied. 
In their attempt to present facts in non-technical language, the authors have 
naturally steered clear of discussions of a technical nature, which detracts 
much from the real value of the book to scientific readers. 

Altogether the book is likely to catch popular imagination and the authors 
have successfully unmasked the ‘ mystery ’ of growing plants without soil. 

There are in the book certain loose expressions like ‘ rest period in plant 
which seems to have been applied with a view' to appeal to the imagination of 
non-technical readers. In such publications scientific accuracy or discourses 
of highly technical nature are not always possible, as that would, as appre- 
hended by the authors, ‘ tend only to confuse the reader or cause him to 
lose interest.’ 

The printing and the general get-up of the book are excellent. (B. K. M.) 


Plaat Injection for Diagnostic and Curative Purposes {Technical Communication 

10 of the Imperial Bureau of Horticulture and Plantation Crops, 

Mast Mailing, Kent, England). By W. A. Roach, foreword by 
Pboe. V. H. Blackman : 1938, pp. 78, plates 2, text- 
figures 47, bibl. 162. Price 5a. 

Man has toyed for eentmies with the idea of feeding his fruit trees direct 
instead of by more orthodox but slower methods and in the heyday of the 
Italian Renaissance we find Leonardo da Vinci noting that if it is desired to 
produce poisoned fruit the injection of fruit trees offers a way. 

More recently various ‘ tree doctors ’ have suggested that easy rejuvena- 
tion of orchards can be effected by the use of their own particular injection 
methods, but such methods have always been somew'hat suspect, since ob- 
viously different conditions demand different remedies and the cure may 
prove worse than the disease. 

It has remained for Dr. Roach to bring order out of chaos and show those 
of us who are attracted by the idea how to set about our investigations. 

He starts by giving a history of injection w'ork in Europe and the U. S. A., 
paying particular attention to that published in recent years on the detection 
and cure of deficiency diseases. He notes also the successful use of injection 
for purely physiological purposes, as, for instauice, of glucose into vines, just 
before bud break, to ensure a good fruit set. He points out, moreover, how 
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injeetion methods may be of great value in the study, not only of mineral 
deficiencies, but also of rootstock influence and of the effect of the chemical 
constituents of a fruit on its storage capacity. 

Recent cases of successful injeetion cited include the following diagnosis 
of incipient chlorisis of the iron shortage type at East Mailing ; diagnosis 
and cme of a copper deficiency dieback disease in apples in Western Australia ; 
determination of the cause and cure of boron deficiency diseases of apples in 
Canada and New Zealand ; increase in vigour and freedom from insect pests 
in apple trees injected wdth various solutions in England. 

His own experiments have been in progress for seven years on material 
which has ranged from the strawbeny plant to fully grown apple and plum 
trees, and most of the present paper is devoted to a consideration of the methods 
used. It is for this clear and illustrated account that horticulturist will be 
particularly grateful. He describes in detail with the help of text-figures and 
lists of tools the technique used for the injection of particular parts of standing 
trees and other plants, varying in size from a smgle interveinal area of a 
leaf to whole main branches, noting, moreover, the type of problem for which 
each particular method is best suited. He shows how in the most delicate 
methods the injection of leaves and their comparison with neighbouring un 
treated leaves or parts of leaves enables a rapid diagnosis to be made of the 
mineral deficiency from which a plant or tree is suffering. He describes 
how whole trees may be injected for experimental purposes or even for 
economic reasons in the commercial orchard. 

In short he shows us how to carry out the operations advocated and how 
to avoid those many pitfalls which await the over-zealous, although he is far 
from suggesting that all his methods are perfect. 

He invites criticism and the experience of others in the same field. 
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I. iNTRODXTOTIOlir 

Wilt of gram ( Cicer arietinum) is a common disease in many parts of India 
where this important crop is grown on a wide scale. It has been reported as 
being particularly serious in Madras [Narasimhan, 1929] and has been noted 
in Bengal [HedayetuUah, 1937], Although the disease has been known for 
a long time it has not been extensively studied. Wilted plants were received 
at Pusa (Bihar) from Burma in 1920, a year in which the crop had been severe- 
ly damaged. Isolations were made from the wilted plants and species of 
Fusarium were obtained m culture. Attempts to reproduce the disease with 
these isolates failed [Mitra, 1925] but inoculations with a later isolate 
were partially successful [McRae, 1932]. It was thought by McKerral [1923] 
that the disease was soil-borne and could be avoided by long rotations with 
other crops. 

Narasimhan [1929] proved that gram wilt could be caused by a species of 
Fusarium. He described the fungus but did not name it. It is not possible 
from the description given to name the species with confidence. 

( 371 ) 
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rronS+^An^ Dastm- reported that wilt had caused serious damage to the gram 
er? ^ -fi Provmces, and he found that Fusarium was associat 

thfr' ™lted plant, but he was unable to prove ilpaZ^en t 
wty of the fungus and considered it to be a saprophyte livinc. iii the soil 
Se aho obtamed Ehizoctonia bataticola (Taub.) Butl. in culture and found 
that It was responsible for shght damage. However, the Le wrhe oonX^^^ 
ed, was due to unfavourable soil conditions. By repeatedly sow nc iPp iZ 
ino- Ih P^^°® found that it was affected year after year. Whik suggest 
oTtKilmenr ^ a^s to the eSit 



II. Symptoms 

® was generaUy observed m the field when the 
one month old, and the number of dying plants 
were two or three months old, "" 


- * fas usually greatest when they 

accordtag ^ to the eympto" they p?Sd°- 

symptom was dx'ooping of the upper leaves 
Ihe plants withered and died within about 

in which the leaves gradually turned 
remaining leaves rapidly withering 

^ i^Aves became red. 
resembled those of group (2). 

. disease was not limited to isolated plants but 
Anous sizes m which a high percentage of plants 

When sections were made of the roots and s+pma 
forms of wUted plants aU appeared alike. " 

number of hyphae m a vessel varied greatly^ 
smgle strand while others were completely fiU( 

the roots was 

Ihe cell-walls of the phloem tissue , " ~ 

ably thickened and the colour of this tissue^* 

"P “ til® stems but 


(1) Those in which the first 
followed soon by the lower leaves, 
a week. 

(2) Those 
drop, the 


yellow and then began to 
!g and the plant dying. 

In the later stages these plants 

was found m patches of 
was killed. 

T, the three different 

fungal hyphae were numerous in 
1 symptoms of wilting. The 
some vessels containing only a 
ed. In some plants in the last 
„ . . heavily invaded by mycelium, 
of infected plants appeared to be consider- 

j was often dark brown. 

were never observed in the 
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III. Isolation 

Two methods of isolation -were used : — 

(a) Portions of roots and stems, half to one centimeter in length, were 
thoroughly washed in water and were immersed in 0* 1 per cent mercuric chlo- 
ride solution for five to ten minutes. They were then transferred aseptically 
to sterilized water and were washed three or four times in separate lots of water. 
Finally they were transferred to slopes of oatmeal agar. 

{b) Similar portions of roots and stems after preliminary washing in water 
were transferred to a one per cent aqueous solution of silver nitrate. After 
about two minutes they were removed and immersed in a sterile one per cent 
solution of sodium chloride to precipitate the disinfectant, according to the 
method described by Davies [1935], and were transferred as soon as possible 
to agar slants. 

From almost all xDieces of infected tissue Fusarkm grew out in the course 
of about a week or ten days. There were few other fungi. The isolates of 
Fmarium varied markedly in many characteristics. Since over three hundred 
isolates of Fusarium w^ere obtained many of which appeared alike, it was 
found necessary to reduce greatly the number for detailed examination. It 
was found that this could be done rapidly (without the use of a microscope) 
by grouping them into types, according to the major characteristics, notably 
the kind of spore-bearing struethres and alteration of the colour of the medium. 
Thirteen such groups were formed, and many members of the various groups 
were then rapidly examined microscojiically to determine whether there were 
marked differences within the groups. Only slight differences were observed, 
indicating that the selection based on microscopic characters was fanly 
reliable for the purpose of reducing the number of isolates for further study. 
The thii'teen types obtained are described briefly in Table I. 

Table I 


Types of fungi isolated from gram 


Type 

No. 

Aerial myceiiiim 

Discoloration of medium 

Spore -bearing structures 

1 

Whitish, abundant 

Brown 

Sporodochia 

2 

White, fluffy 

None .... 

None 

3 

Pink 

Pink .... 

None 

4 

Purple 

Purple 

None 

5 

Pinlc .... 

Carmine 

None 

6 

Dark purple 

Dark purple 

None 

7 

White 

None . . . 

1 ^ 

1 Thin layer on stirfaee of 

8 

White, scare© 

None . . . 

agar 

Ditto 

9 

White . . 

Pink . 

None 

10 

White . 

Pink .... 

Green sporodochia 

11 

Buf? 

Pink .... 

None 

12 

White .... 

Brown . .. . 

Pale yellow sporodochia 

13 

Pink .... 

Pink .... 

Slimy mass 
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In Table II are listed the numbers of isolates of the various types obtained 
at each date of isolation, together with the source of the material. 

Table II 

Numbers of isolates of each type obtained 


Type 

No. 

ISTumber of 
cultures of 
isolates made 
on 4-3-37 
(Karnal) 

Number of 
cultures of 
isolates made 
on 27-11-37 
(Delhi) 

Number of 
cultures of 
isolates made 
on 9-12-37 
(Karnal) 

1 


10 

1 

2 


43 

r ! 

5 1 

3 


15 

1 

1 

4 


13 

28 * 

5 


1 

1 

6 


9 

j 

i 

j 

7 


26 

j 

8 


16 

1 

9 

37 


i 

10 j 

10 

15 


15 


11 

18 




12 

9 




13 

4 


1 



ISTumber of 
cultures of 
isolates made 
on 18-1-38 
(Delhi) 


Total number 
' of isolates 
(Both centres) 


6 

19 

5 


12 


16 

67 

20 

36 

17 

9 

38 

16 

47 

30 

18 

12 

4 


cUoride solution, thoT SaSl^^ " n 

growtt was found on these di*« after oL mmtrtodSaS''th^°th/'?'»°'‘“ 

was not internally seed-borne. ' indicating that the fungus 

IV . Iotegtiof tests 

Experiment 1 

-7 », 1038) nine-inch pots ^ere Wo-thfr S'?SS'^S; 





-- - '' u m y lx 

i^t^SBs-:r£=3~ 

The seedlings emercrpr? xi Pi sneiter and kept watered 

of the ^nfrols StSSil 1^! “f**' «>™g fa 

8, but m the other cases un moculum of types I ; ® 

sowing, wilting was obseryed Tiurty-Wo dky^ after 

the uppermost leayes drooped th^th^^m- JteS 
Eventually nearly half of the teante te tlJ ? ^ower leay^f 

after wiltmg first appeared with type Eight kys 

^ . Table III 

t,pe. 1 ,, s 


'Pypo of isolate 


1 

2 

3 

4 

5 
0 

7 

8 

Control 


( 


Total 

nnraber of 
seedlings 


39 

30 

0 

0 

0 

0 

38 

38 

38 


Humber 
of seedlings 
which 
eventually 
wilted 


0 

13 


Germination 

percentage 


97*5 

75 

0 

0 

0 

0 

95 

95 

95 


Wilting 

percentage 


0 

43*3 


15-8 

13*2 


TliG seeds w^er© dns* uti irAm +!-> **7^"^. '‘'''"'''"”^'°™'‘~''' ^ — 

place and it was found that they were^omiTf^^^+T ^®™^^tion had taken 
exponment that the J«ton»» speote?2dS'^i''‘,?‘?"- »» dear from this 
f?T“i ')• ’^‘-Ptodue^TMff “ ‘taee Scoops, non! 
3, , ande). Soc«ons»adefton.sten.sofwiIted^C^:^e5^:LSS 
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hyphae in xylem vessels and cortex. Re-isolations made from stems and roots- 
of infected plants showed in all cases only fungi resembling those with which 
they were inoculated. 

Experiment 2 

This experiment was performed in a manner similar to the previous one 
except that instead of using paddy the inoculum was prepared from a sterilized 
mixture of 190 grams of soil, 10 grams of maize-meal and 60 c.c. of water. 
The fungi, including all types from 1 to 13 were grown for one month. Eight 
pots of each type containing six seeds were prepared, 200 grams (dry weight) 
of inoculum being added to each pot. Four of the pots were daily watered 
with 200 c.c. of water while the other four received only 100 c.c. The seeds 
were sown on March 1st, 1938. 

Seedlings emerged well in the controls and with types 1, 2, 7, 8 and 12 in 
about six days ; but in the remaining types germination was very poor, most 
of the seeds on being dug up were found completely rotten. 

Seventeen days after sowing, the pots inoculated with type 2 began to 
wilt in the low water series, and two days later in the high-water series. Wilt- 
ing first appeared with types 7 and 8 shortly after type 2. Types 1 and 12 
caused no waiting and the plants appeared as healthy as in the controls. The 
germination and the final figures for wilting with the various isolates in the 
dry series taken on completion of the experiment on March 25th are given 
in Table IV. The figures for the wet series are omitted as they were essentially 
the same as the dry series. Plate XVIII shows pots from the seed-rotting, 
wilting and control series. 

Table IV 


Oerminatim and wilting with isolates of types 1 to 13 after 25 days 


Type of isolate 

Total 
number of 
seedlings 

Number of 
seedlings 
which 
wilted 

Germination 

percentage 

Wilting 

percentage 

1 . * . . 


24 

0 

100*0 

0 

2 . . , 


23 

23 

95*8 

100*0 

3 . . . . 


4 

0 

16*7 

0 

4 . . 


2 

0 

8*3 

0 

5 . . . . 


1 

0 

4*2 

0 

6 . . . 


0 

. , 

! ' 0 


7 . . . . 


24 

9 , 

100*0 

37*5 

8 


22 

7 

91*7 

31*8 

9 . . . . 


0 


0 


10 .... 


4 

6 

16*7 

0* 

11 . . . . 


0 


0 


12 .... 


24 

0 

100*0 

o' 

13 . 


0 


0 


Control 

• 

24 

1 

6 

100*0 

■ 0* . 
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PLATE XVIII 



Pots of gram inoculated with seed-rotting (left) and wilt-producing (centre) 

Fusana. Control pot at right 



tafi GfiNOS FtJSABIUM, 11 


377 


confirm entirely those of the first experiment, and indicate 
that types _9 to 13 showed no wilting, but all these except number 12 caused 

severe rotting of seeds, preventing germination.' ■' 

Experiment 3 

In view of the fact that heavy inoculations with certain types of Fusarium 
caused seed-rot it was thought that these when apphed in lesser quantities 
imght also prepuce a wilt. Inoculum of type 4 was therefore prepa red in the 
usual manner from cornmeal-soil nature. It was applied to pots of sterilized 
soil m layers above and below the seed as before, the amounts of inoculum in 
various series being 200, 100, 50 and 25 grams. After three weeks no germi^ 
nation had taken place m any of the inoculated plots, and the seeds were found 
rotten m the soil, while the controls had produced healthy seedlings. As far 
as the dilutions went, therefore, they did not result in causing -wilt. Further 
reductions in quantity would be necessary in order to say for certain that the 
symptoms of wilt cannot be reproduced by these fungi. 

V. Mokpholooy of the wilt ehhgtjs 

Isolates of t^es 2, 7 and 8, all of which caused wilting, were selected for 
further study Cultures of each were made by selecting germinatino' single 
spores from dilution plates of plain agar. ^ ^ 

fL. were grown at a temperature of about 25°C. in tubes of 

[192^^°!™^ prepared accordmg to the methods of WoUenweber et az! 

Oat agar. 

Potato dextrose agar with two per cent dextrose 

Potato dextrose agar with five per cent dextrose 

Potato cylinders. 

Steamed rice. 

f named according to Ridgwav 

fourteen days growth. Measurements of 200 spores were taken 
after twenty-one days growth. The colours are recorded hi Table V an J 
lengths of conidia m Table VI. No sporodochia were formed nor were thcT-o 
any signs of sclerotia. A plectenchymatous layer somewhat resembling 
stroma was formed on the surface of the agar tubes buHt i/nfw- 
w ether tins could be called a genuine stroma since it was not a rai^d cusMon^ 

on the surface of the agar media and potato cylinder in the case of t^mA 
on two per cent potato dextrose agar with t^T? but it w?uM 
stetchi^ tie mea^ of the fenn to^refc to £ coiotoSf 
on oaf mtercallary chlamydospores were produced by tvne 2 


B 
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Table V 

Colours of types 2, 7 and 8 after 14 days of growth 


Kind of 
medium 

Type No. 2 

T^^e No. 7 

Type No. 8 

Aerial 

mycelium 

Plecten- 

chymatous 

layer 

j Aerial 
mycelium 

i 

Plecten- 

chymatous 

layer 

Aerial 
i mycelium 

Plecten- 

chymatous 

layer 

Oatmeal agar . 

White 

White 

White 

White 

Lacking 

White 

Two per cent 

9f 

ff 





potato dext- j 






99 

rose agar. 







Five per cent ’ 



99 




potato dext- j 

1 » 





99 

rose agar. 







Potato cylinder 

>> 

Ochraceous 

99 

Orange 





buff 


buff 


99 

Steamed rice . 


99 

99 

99 

99 

99 


Table VI 

Measurements of 200 spores of the three isolates after 21 days of growth 


Type 

No. 

Septation group 

Number of spores 
in group 

Kange 

Mean 

(t^) 

2 

0 

200 

7—15x2—5 

9-9X3-2 


1 

0 




2 

0 




3 

0 



7 

0 

128 

6—15x2—5 

lO- 2x3*1 


1 

50 

14 — 21 X 2 — 4 

17-5X2-4 


2 

22 

19—28 X 2—5 

23-4X3-2 


3 

0 



8 

0 

86 

7—16x2—6 

1I-3X3-2 


1 

61 

15 — 21 X 2 — 5 

18- 6 X 3-4 


2 

21 

19 — 30 X 2 — 5 

26-8X3-2 

■ 

, „ 3' 

32 

28—64x2—6-5 

43-2x3;6 
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VI. Discussion 

disease 

TT det Jfl Sira is 

onclus.on to be drawn as to the species of Fusarium which caused wilt and 
certain rather surprising results have been withheld pelLrconfiSSn 
Some very important points have emerged however and“ ^ ^ 

opportunity to take stock of the situation. ’ this is a good 

One thing is defeitely established. Whether or not a wilt disease of 

by Fmanum and the work of Narasimhan [1929] is confirmed. ^ 

Secondly it is clear that wilted gram plants may harbour an extra 

are“T/Mr|orsg tf'SS “CE 

STh “ ‘'■i® “ 9'^ fflatinot from'Se”^TfcZ“to 

MckLS n 9231 to tta 2ot”f ?*t““ to ‘te remark of 

mclverrai to the effect that m Burma severe cases of disease in ora™ 

aSaSSS SSg a; as 

jProin this point it is useless to specuIatG further 'Tliiakoct^ -r ±t. *1 

b2 
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Coons and Cochran [1937] we would be in our rights in calling the three isolates 
a new species and it would certainly be easier to name them thus rather than 
attempt to distinguish them on grounds of morphological differences of 
doubtful validity. What is required is a fair understanding of the range of 
variabiUty of the isolates m regard to (a) environment and (b) strain differences. 
In the present state of knowledge, in fact, it only appears possible to identify 
these fungi by comparison under identical conditions with all known species 
of the sub-section. It is a formidable task but there is no alternative and this 
work is being undertaken. 

VII. Sttmmaby 

(1) Isolations were made from wilted plants of gram (Gicer arietinum) 
at Delhi and Karnal (Punjab). 

(2) Over three himdred isolates of Fusarium were obtained and on rough 
inspection appeared to fall into thirteen types. 

(3) Representatives of the thirteen t 3 rpes were tested for pathogenicity 
by infesting sterilized soil. Eight types caused severe seed-rotting, three 
caused wilting and two appeared to be non-pathogenic. 

(4) Examination of single-spore cultures of the three t 3 ^es which caused 
wilting revealed that at least two were closely related forms belonging to the 
sub-section Orthoceras. Their exact relationship to one another is being 
studied. 
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Fig. 1. Map of the Punjab showing main sugarcane tract including districts with 
an acreage of 10,000 or above, and distribution of average rainfall 


south-eastern Punjab. The object of this survey originally was to ascertain 
those local varieties of sugarcane and the new Coimbatore varieties which 
would be most suitable for supplying the then increasing number of sugar fac- 
tories with canes maturing over a period which would ensure an economic 
working period for the factories. Attention was directed particularly to such 
aspects as the periods of ripening of the various canes, with tonnage or yield 
per acre both in stripped cane and juice, the quality of the juice, the effect 


Inteoduction 


In 1934 the authors of this paper published Part I of “Sugarcane in the 
Punjab” [Lander e< al., 1935], which gave an account of a survey of the sugar- 
cane in the Gurdaspur, Sialkot (sub-mountainous tracts), JuUundur and 
Hoshiarpur (central Punjab), and the Karnal and Rohtak districts of the 

r ^ 
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of frosts and insect pests and diseases on the juice, and the variations of these 
and a number of other factors which depended on, or might be influenced by, 
the geographical situation of the areas surveyed and the prevailing agricultural 
practices in those areas. The data which was derived from the first survey 
published in Part I appeared to be sufficiently valuable to justify extending 
this survey to the Lyallpur, Sheikhupura, Lahore, Montgomery and Multan 
districts in which very considerable areas are under sugarcane. The present 
publication gives an account of this survey which was carried on during the 
cane seasons from 1933-34 to 1936-37, on lines similar to those described in 
Part I. 

Lyallpxtr District 
General physical and climatic conditions 

The Lyallpur district lying between latitudes 30°-48' and 31°-48', and 
longitudes 72° -10' and 73° -48' constitutes the most important agricultural 
tract in the new Canal Colonies and includes about 40,000 acres of cultivated 
land under sugarcane and is thus only second in importance and extent of 
acreage to Gurdaspur. The annual ramfall is low, being only about 12 to 13 
inches per annum, most of which falls in July and August. The soil, 
fuller particulars of which have been given by the authors elsewhere [Lander, 
Ramji Narain and Mukand Lai, 1929], consists mostly of medium loam 
and is inclined to be light and sandy rather than heavy clay and yields 
high outturns, both in cane and other crops suited to its latitude, with the 
application of organic manures and also some artificials combined with 
adequate irrigation. Although so much sugarcane is produced in this district 
and others of the Punjab, it would be inaccurate to state that the Punjab 
is particularly suitable for this crop, as in certain districts, of which Lyallpur 
is one, frost is a regular phenomenon in December and January at a time 
when its effect on the cane crop is likely to be most adversely felt. 
The occurrence of frost exercises an unfavourable effect on the general condi- 
tion of the crop, which effect may be minimised or increased by certain other 
conditions relating to the current agricultural practices of which the time and 
extent of irrigation is one. 
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Botations of crops 

The rotations most commonly to be found in this district are : — 

1. Maize — Sugarcane — ^Wheat. 

2. Maize (Senji) — Sugarcane — ^Wheat. 

3. Cotton — Sugarcane — ^Wheat. 

4. Wheat — Fallow — Sugarcane — Cotton. 

Farmyard manure is the manure usualty applied to sugarcane and the 
only one which can safely be said to yield an economic return considering the 
cost of the manure applied. Owing to the very light rainfall in this district 
the number of irrigations usually given to the sugJircane crop is liigli. being 
from fifteen to twenty during the season. 

Varieties of sugarcafie 

Katha, a local variety, is still extensively gi’own and as late as la.st s('a.son 
(1936-37) it occupied 86 per cent of the total area under cane in this district. 

Katha is a thin cane and gives a low yield averaging about 12' 8 tons of 
stripped cane, 7-42 tons of juice and 1 • 64 tons of total solids per acre. These 
figures represent roughly yields of about 2/3rd those obtained from the new 
Coimbatore varieties. Katha is cultivated in this district more for fodder 
than for sugar. 

Ponda, one of the oldest varieties in the province, is not gi'own to any con- 
siderable extent in the Punjab colonies as, being a thick and juicy cane, it re- 
quires a comparatively larger quantity of water for its cultivation and more 
care than the newer Coimbatore varieties. The most common Coimbatore 
varieties grown in this district are Co 223 and Co 285, but other Coimbatore 
varieties which are being introduced are Co 290, Co 312, Co 313 and Co 331. 
Co 205 was the earliest of the newer varieties to be introduced, but thi.s is now 
being replaced by others which are superior both in the quality of the juice 
produced and the tonnage yield per acre, and wFich have the additional ad- 
vantage of ripening earlier than Co 205. Another variety, viz., Co 223 is 
also losing favour with the cultivators as this is a soft cane whicli has proved to 
be particularly susceptible to attack by wild animals, insects and various 
diseases peculiar to cane, and it is also unfavourably aftected by frost. The 
canes which appear to be most suited to the general climatic and' other condi- 
tions of the Lyallpur district are Co 285, Co 312 and Co 313. 

Coimbatore varieties, in addition to being heavy yielding canes, are also 
suited to the practice of ratooning and on this account are finding increasing 
favour amongst zamindars. 

Period of optimum ripeness 

The period of optimum ripeness starting with Katha, the loc-al cane, ex- 
tends from the 3rd week of November, when harvesting usually begins, i(. the 
first week of April, although at certain places the incidence of raiii i a I )ecem 
ber and January may assist in prolonging the crushing season until tlu' law- 


386 the INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, Hi 

week of Ajiril. Co 213 is usually the last of the Coimbatore varieties to ripen 
and becomes fit for crushing about the end of December and remains so until 
April Varieties which ripen somewhat earlier than this are Co 223 and Co 
285. The introduction of the Coimbatore varieties has considerably extended 
the period during which the canes of the district are ripe and in suitable condi- 
tion for factory operations, but this period cannot usually be extended beyond 
the end of March because by this time the cultivator wishes to prepare his 
fields for sowing cane and cotton for the coming season and to harvest and 
thrash his wheat. In order, therefore, to cater for these factors it is necessary 
to introduce early-ripening canes in the general farming practice in addition to 
those wdiich are still unripe during the period when frost occurs, viz., from the 
end of December to the beginning of February, as well as to select varieties 
which withstand the effects of frost. Speaking generally, analyses of diffe- 
rent varieties of cane at present grown in the Lyallpur district show that they 
are matoe and are fit for crushing from the end of November to the middle of 
April (Table IV). 

Tw'o recent Coimbatore varieties which have done well in certain tracts 
of the Province and also at the Government Farms at Lyallpur and Risalewala 
are Co 312 and Co 313, but these varieties have not yet been taken up to any 
extent on zamindari lands. Their more extensive use is however, adovcated 
as they are high yielders and the analytical data indicate that they are resis- 
tent to frost. 

Quality of cane 

The quality of the juice produced from any particular variety of cane is a 
most important factor from the point of view of the sugar factory owner. A 
high quality juice should show high purity values and a low glucose ratio, 
combined with a low mineral content. Data on the first two of these 
values are shown in Tables I — III. 

Qualitative and quantitative comparison of indigenous and Coimbatore varieties 


The relative value of these two types of cane is summarised in averages 
obtained from the data of the survey in the statement below 


Variety 

StripjJed 

cane 

Juice 

Total 

solids 

Sucrose 

Glucose 

ratio 

i 

Purity 

coefficients 


Outturn in tons per acre 



Local 

12*8 

7-42 

1*55 

1-27 

!, L*7 : 

1 S2 : 

Coimbatore . , 

18-32 

11*76 

2*14 

1*75 

1 2*8 1 

82 


,Outturn per ton of cane 


Local 

0*58 

0*121 1 

0*099 i 



Coimbatore 

0*64 j 
1 

0*117 

0*096 

•• 1 

■■■ •• . 
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This statement shows that Coimbatore varieties are superior in most as- 
pects to the local Katlia. The slight difference in the glucose ratio in favour 
of the local Katlia is more than compensated for by the high yield of stripped 
cane and sucrose from the Coimbatore varieties. 

Effect of frost 

During the four years of this survey no severe attacks of frost were ex- 
perienced and therefore it is difl&cult to say how these new varieties would 
have withstood frost in the districts surveyed. There was a slight incidence 
of frost in the 1934-35 season but no extensive ill effects were noted, and 
in almost all cases recovery was complete. Lander and Ramji Narain [1935] 
have shown that in the central and southern districts of the Punjab, of the 
three varieties Co 205, Co 213 and Co 223, Co 213 showed almost complete 
immunity to frost whilst Co 205 and Co 223 were only slightly affected. It 
might be expected therefore, that these varieties will respond to frost in a simi- 
lar way in the districts now being described. 

Sheikhupuua District 

This district, which lies between latitudes 31°-11' and 32°-4', and longi- 
tudes 73°-16' and 74°-46', comprises 2,312 square miles, and adjoins Lyallpur 
on its south-western side and Lahore on its south-eastern side, was created in 
1919 from the districts of Lyallpur, Giijranwala and Lahore. In the last 
year of the survey, the season 1936-37, this district had about 20,000 
acres under sugarcane. 

General physical and climatic conditions 

The climatic features of the Sheikhupura district more closely resemble 
those of Lahore and Gujranwala than those of Lyallpur. It receives an annual 
rainfall of from 15 to 18 inches. Its soil is mostly a medium loam, but owing 
to the rise of the sub-soil water there is a tendency, at a number of places, 
for the soil to develop saline conditions or become even alkaline. The normal 
soil of the district, however, yields a cane crop which for corresponding varie- 
ties appears to be distinctly superior to that of the Lyallpur district, a feature 
which may in some measure be due to the higher rainfall. The general agri- 
cultural practice followed is much the same as in the Lyallpur district, and 
the manurial practices and rotations followed are also similar. 

F arieties of cane 

Hitherto Katha and Ponda have been the two chief varieties grown, 
but in recent years the area under improved Coimbatore varieties has been 
steadily increasing from 15 per cent of the total area under cane in 1932-33 
to 32 per cent in 1936-37. This increase of improved varieties in the Sheikhu 
pura district is very pronounced in comparison with the corresponding in 
crease in the Lyallpur district which in the last year of our survey (1936-37 
had only 13 per cent of its total cane area under improved varieties. In the 
Sheikhupura district Katha has given an average of 16 tons of stripped cane 
per acre and Ponda 28 * 9 tons. These figures are higher than the corresponding 
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figures for tlie Lyallpur district which were 12-8 and 26-2 respectively. The 
most common Coimbatore varieties grown in the Sheikhupura district during 
the survey were Co 205, Co 213, Co 223, and Co 285, hut during the last two 
years Co 244 and Co 313 were also introduced. As in the Lyallpur district, 
Co 205 and Co 223 appear to be losing favour wth zamindars, whilst Co 285 
is being more extensively developed. 

Period of optimum ripeness 

The period of optimum ripeness for the local Katha and Coimbatore 
varieties extends from the 3rd week of November until the middle of April. 
Of the Coimbatore varieties, Co 313 ripens about two weeks before the local 
Katha, and during the season of 1936-37 it yielded 70 per cent more stripped 
cane per acre than Katha. Co 313 remained in a condition fit for crushing 
until the middle of April, and owing to these favourable qualities it^ appears 
to be the most likely variety to replace Katha, hitherto the mam cane 
grown by zamindars in the new Colony areas. Of the other Coimbatore 
varieties investigated in this district, Co 223 and Co 244 were ripe about the 
3rd week of November, whereas Co 213 ripened in the middle of December. 
It appears therefore that with a judicious combination of the new Coimbatore 
varieties the cane crushing season can conveniently extend from the begin- 
ning of November until the midle of April. The convenience of the zamindar, 
however, does not as a rule permit him to keep his cane standing in the fields 
so late in the season (Table VIII). 

Quality of the cane 

Cons'dering the factors which are involved in the term ' quality ' , Ponda 
appears to be the best cane of all those examined in this district. Of the 
Coimbatore varieties, Co 223 and Co 313 (1936-37 only) gave the highest 
purity figures, but Co 213, Co 244 and Co 285 were almost as good. The 
main features pertaining to the composition of all these canes are shown in 
Tables V and VI, whilst the average mean composition and the yields per acre 
of all varieties examined in the district during the entire period of the survey 
are given in Table VII. 

Comparison of indigenous and Coimbatore varieties 


The relative value of these two varieties are summarised in the state- 
ment given below : — 


Variety 

Stripped 

cane 

Juice 

Total 

solids 

Sucrose 

Glucose 

ratio 

Purity 

coeffici- 

ent 



Outturn in tons per 

acre 



Local . 

f 16-0 

9-02 1 

1-83 

1 1-50 

1 1 

I 82-0 

Coimbatore 

22*9 1 

14-84 1 

2-69 

1 2-25 

1 3-0 1 

1 83-7 



Outturn per tons of cane 



Local . 

I' 

1 0-664 

0-114 

0-094 


. . 

Coimbatore 


0-647 

■ ■ ■ i 

0-117 j 

0-098 




SUGAECANE IN THE PUNJAB, 11 


389 


From the point of view of sugar and gur manufacture (Poiida is mostly 
used for chewing), the quality of Juice of Katha indicates that it is one of the 
best canes grown, but the above statement shows that the local Coinibatore 
varieties are equally good and have the additional advantage of yielding about 
50 per cent more stripped cane, 75 per cent more juice and 45 per cent more 
sucrose per acre than Katha. 


Lahore District 
General and physical conditions 

The Lahore district hes between latitudes and 31°“44', and longi- 

tudes 73°-38' and 74:°-5S\ and grows only 5 per cent of the total sugarcane 
produced in the Punjab. It consequently cannot be regarded as so import- 
ant a cane-growing tract as are some others. Its importance, however, lies 
in the fact that it grows Ponda to an extent not found elsewhere. Its climate 
varies somewhat from that found in the Lyallpur and Montgomery districts, 
due to its higher rainfall of from 18 to 21 inches per annum, which has the 
effect of producing somewhat higher average humidity. The Lahore district 
shows a natural division between the central uplands which include portions 
of the three tehsils of Chunian, Lahore, and Kasur and the alluvial lands 
which lie between the Ravi, Sutlej and Beas rivers. These two tracts are 
respectively designated by the terms ‘ Sweet Majha ’ and ' Saline Majha ’ 
(Majha Mitha and Majha Khara). In the latter of these as the name im- 
plies, the soils and well waters have a tendency to salinity. The rainfall 
also is a very uncertain factor. These adverse climatic conditions and soil 
features are mitigated, however, to a considerable extent by canal irrigation. 
Consequently the agricultural conditions of the district are not disturbed 
to any great extent. Cane samples concerning which data are given in this 
paper were taken from both these tracts, although most of them came from the 
Majha Khara. 

Crop rotation 

The rotations usually followed are the same as those of the adjoining 
district of Sheikhupura, except where some modifications are introduced on 
well-irrigated areas. Heavy applications of farmyard manures are usually 
applied to Ponda cane in the well-irrigated areas and to a somewhat lesser 
extent in the canal areas. Maize is the crop in the general rotation which is 
always heavily manured, although manure is also applied to some extent 
before sowing sugarcane. The number of irrigations given to the cane crop 
usually depends here, as elsewhere, on whether it lies in the canal or well- 
irrigated tracts, and also to some extent on the amount of rainfall. In this 
district lands which are subject to river action are seldom if ever manured. 

Varieties of cane 

As already mentioned Ponda is the chief variety grown in this district and 
is mainly used for chewing, although some shakJcar is also made from it. Katha 
and Kahu are the only thin indigenous varieties cultivated, Ponda gave the 
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liigliest toiiiiage of stripped cane and sucrose per acre of all the varieties in- 
vestigated, the average figures for four years being 28-8 tons and 3-19 tons 
respectively or about 60 per cent more than was obtained from the Coimbatore 
varieties. Of the latter, Co 285 appears to be the best, whilst Co 312 which 
was only introduced in the 1936-37 season gave very poor yields. Other 
Coimbatore varieties met with were Co 205, Co 223 and Co 290. 


Period of optimum ripeness 

The harvesting of cane generally begins in the Lahore district about the 
middle of November, although most of the canes investigated during the survev 
weie not ripe until the end of November. The shortest period of optimum 
ripeness w^as noticed in the case of the thick varieties, Ponda and Red Stripped 
Mauritius, and extended from the beginning of December to the end of March. 
The longest period extending to more than four months was found with Co 285 
and Go 312, but as already remarked Coimbatore canes in this district are 
not as extensively grown as is Ponda, although there seems to be no reason 
VTT should not do well under careful cultivation. The data in Table 
XTI show that canes in this district are not generally ripe until early Decem- 
ber, a fact which may probably be due to the somewhat more moist con- 
ditions found here. 


Quality of cane 

%^es for puritj _ Coefficient and glucose ratio of Co 312, although 
available only for one year, indicate that this variety is one of the most promis- 
Tbc^ factors show that Co 205 is least satisfactory 

(TabS\xl^d^Xr^^*°’^^ varieties appear to be of equal merit in this respect 


iietas oj cane 

In computing the yields from the Lahore district during the survey it 
has been found that some of the Coimbatore varieties exhibit a distinct sus- 
ceptibility to any curtailment in the water supply. For example it was 

thr^- need not enter into here in detail, that canes on 

the District Board Farm at Eaewind suffered from a curtailment in the water 
supply available in the seasons 1934-35, 1935-36, and 1936-37, with subse- 

!nTLZo7l ««ffered equally in this respect, Co 312 

Z f above-mentioned fact is illustrated by 

the figures ^ven in Table XL If we exclude from our calculationTtho^I 
varieties which suffered from the curtailment of the water supply then the 
average fibres for yields of the Coimbatore varieties in the L^hL district 

corresponding figures obtained from the other dis- 
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The data for these two groups are shown in the two statements below : 

Comparison of indigenous and Coimbatore varieties {excluding Fonda which 

is not used for sugar making) 

Statement (a)'^ 


Variety 

Stripped 

cane 

Juice 

Total 

solids 

Sucrose 

1 

Glucose 

ratio 

Purity 

coefficient 



Outturn in tons per acre 



Local 

8*7 

j 5-14 

( 1-00 

j 0-84 

2*9 

83*7 

Coimbatore . | 

15*2 j 

9-73 j 

i 

1-76 

I 

i 1 

3*4 

85*9 



Outturn per ton of cane 



Local 

. . 

0-69 

0*115 

0-097 



Coimbatore 


0'64 

0-116 

0-099 

•• 



* When the drought-affected canes are included 

Statement (6)f 


Variety 


Stripped 

1 Juice 

Total 

Sucrose 

Glucose j 

cane 


solids 


ratio 


Purity 
I coefficient 


Outturn in tons per acre 


Local 

^ 8*7 

5*14 

1*00 

0-84 

1 2*9 

Coimbatore canes 
excluding Co 
290 & Co 312 

18*7 

11 *7 

2*09 

1-76 

4*3 


83*7 

84*4 


Outturn per ton of cane 


Local 


0*59 

1 0*115 

0-097 

. . 

.. 

Coimbatore 


0-63 

0*112 

0*094 1 

1 

•• 


fWhen the drought-affected canes are omitted 

It will be seen that the outturn for the Coimbatore canes is slightly less 
than double that of the local varieties. It has already been observed that 
the zamindars of the Lahore district devote most of their energies to the pro- 
duction of Ponda which from their point of view is a more economic proposi- 
tion as a chewing cane for the neighbouring towns than cane for sugar produc- 
tion. 
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Montgomery District 
General and ^physical conditions 

This district lies approximately between latitudes 29'^-58' and 31°-33', 
and longitudes 72®-30' and 74°-58', and cannot really be considered a sugar- 
cane growing district of the Province, as it is only within recent years that 
the cultivation of cane has been taken up to any appreciable extent. 

Prior to 1920 the average area under cane in this district was only about 
700 acres. From that time there has been a steady increase in the area 
under cane except during the cotton boom years, 1926-29, when the price 
of cotton was very high. Since 1930 the area under cane again increased, 
and in the 1931-32 season, the figure approximated 20,000 acres, after which 
there was a gradual decline, until, during the period covered by this survey 
it remained fairly steady between 12 and 15 thousand acres. There are two 
main divisions in the Montgomery district known as the Ganji Bar and the 
Nili Bar, respectively. The Ganji Bar which occupies the higher regions of 
the district was the first to be colonised about the year 1913, whilst the Nili 
Bar is still being colonised at the present time. Most of the survey work 
in this district was confined to the Ganji Bar. 

The climate of the district taken as a whole is very dry and the mean 
annual rainfall about ten inches. Temperatures of 120°F. in the shade are 
common in the summer months, whilst as a contrast the winters are cold, 
the temperature frequently falling to freezing point and below. The soil of 
the Montgomery district tends to become lighter as we proceed from the north- 
east to the south-west, until near the boundary of the Multan district it is 
extremely light and sandy. The soil between Khanewal and Montgomery 
is on the whole a very good loam which produces excellent crops, but this area 
also contains some of the worst and most intractable allcaline lands in the 
Province, particularly in the Montgomery tehsil of the Ganji Bar tract. A 
conspicuous feature of this bad soil is a high percentage of sodium carbonate 
which has converted the normal calcium clay of the soil into a sodium clay. 

Although the total amount of clay in the soil is not conspicuously high, 
yet the soil shows all the features of an excessively hard and imprevious clay. 

The soils found in the Nili Bar are more uniform in mechanical composi- 
tion than those in the Ganji Bar and vary from medium loam to light loam 
as one proceeds from east to west. 

Rotations of crops 

No definite and fixed rotations are followed by the zamfndars in this 
district, but generally speaking those which include sugarcane are much the 
same as are found in the Lyallpur colony. Farmyard manure is almost in- 
variably applied to the cane crop in amounts varying from 400 to 500 maunds 
per acre. The number of irrigations given is approximately the same vm., 
between 18 and 20 or perhaps slightly more than in the Lyallpur district. 
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Varieties of cane 

Katha is the most extensively grown local variety, chiefly for fodder 
purposes, although Ponda is found to some extent mainly in the Depalpur 
tehsil. The area under local varieties is approximately two-thirds of the total 
area under cane in the district ; the rest is under new Coimbatore varieties 
and is increasing in extent from year to year. The Coimbatore varieties most 
usually grown by the zamindars are Co 223, Co 285, and to lesser extent 
Co 213 and Co 290, whilst Co 205 is being gradually replaced by better varieties. 
The more recent improved varieties which are at present mostly confined to 
Government Farms and some large estates are Co 300, Co 301, Co 312 and Co 
313. The last named appears to be one of the most suitable and promising 
canes and might conveniently replace Katha. 

Period of optimum ripeness 

Katha (period of ripeness 11th November to 10th March) and Co 285 
(period of ripeness 28th November to 9th April) are the two canes which ripen 
earhest of those generally grown by the zamindar. Thus with a combination 
of these two varieties it should be possible to extend the crushing season from 
early November to approximately the middle of April. The season might 
be extended to the middle of April or even longer if Co 300, Co 301 and Co 313, 
which are generally ripe from the middle of November until the middle of 
April, and Co 210, Co 213 and Co 270, which are ripe early in December 
could be included. ’ 

Quality of cane 

It will be seen from Tables XIII to XV that the order of yield for strip- 
ped cane among the Coimbatore varieties is Co 312, Co 301 and Co 285, and 
their quahty is approximately equal, although Co 301 appears to yidd a 
slightly higher percentage of sucrose on cane. Judging from the percentage 
of sucrose on cane, Co 313 is the best cane although it yielded only 19 • 3 tons of 
stripped cane per acre. Its glucose ratio was also the lowest of all the canes 
examined. It is interesting to record that, taking averages, the Coimbatore 
varieties Co 301, Co 312 and Co 313 gave roughly 0-5 tons more sucrose per 
acre than the older Coimbatore varieties. The figures for Co 285 and Co 223 
were 2 • 08 and 1 • 80 tons of sucrose per acre respectivelv. 
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Comparison of indigenous and Coimbatore varieties 


The statement below shows the relative figures in outturn per acre for the 
local and Coimbatore varieties : — 


'Variety 

Stripped 

caries 

Jiiice 

Total 

solids 

Sucrose 

Glucose 

ratio 

Purity 

coefficient 



Outturn in tons per 

acre 



Local » 

13-0 

7-54 

1 1*60 

1*30 

[ 1*8 

81*5 

Coimbatore 

19-1 

12*42 

1 2-27 

1*93 

1 2*3 

85*6 


Outturn per ton of cane 




Local 

.. 

1 0-43 

0123 

0*100 


. . 

Coimbatore 

•• 

0*65 

0*119 

0*101 

•• 



Multan district 


General and physical conditions 

This district lies between latitudes 29°-22' and 30°-45', and longitudes 
71°-4' and 72°-55'. It has an excessively hot dry summer extending from April 
to September with a rainfall of six inches or less per annum, and can hardly 
be regarded as a suitable tract for the extensive cultivation of cane, which is 
mainly found in the Khanewal tehsil bordering the Montgomery district. 
Ponda is grown to some extent near the towns in the Multan tehsil for chewing 
purposes. The rotations and general agricultural practice followed are much 
the same as those of the adjoining Montgomery district. Farmyard manure 
is applied to sugarcane, which in the Khanewal tehsil is almost entirely irrigated 
by canal water, whilst such cane as is ^own in Multan and Shujahabad tehsil 
is irrigated by well water, the level of which lies about 25 to 30 feet from 
the surface. 


Varieties of cane 

After Ponda (the chewing cane), Katha is the most important local variety 
found, whilst Co 205, Co 223 and Co 285 are the only new varieties found on 
zamindars lands. The data recorded in this paper on other varieties were 
obtained from the Agricultural Farm at Multan, the B. C. G. A. Farm at 
Khanewal, and the Government Seed Farm at Vihari. It is interesting to 
record that inspite of the adverse climatic conditions of this district the Coim- 
batore varieties have given, where irrigation and manuring facilities are 
adequately available, as high yields as in the Montgomery and Lahore districts 
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Period of optimum ripeness 

During the four years of the survey, Katha was observed to be the earliest 
cane to ripen, about the middle of November, and remained in a condition fit 
for crushing until the 2nd week of April. Co 223 and Co 285 were ripe early 
in December, and Co 205 at the end of December. The other canes tested 
at the Government Farm at Vihari, viz., Co 290 and Co 312, were ripe before 
the end of November, and Co 281 and Co 213 early in December. Agricultur- 
al requirements, however, rarely permit the cane to remain in the field 
later than the end of March. (Table XX). 

Quality of the cane 

The data presented in Tables XVII to XIX, give the figures for yield 
and composition for the different varieties studied, Co 285 grown under zamin- 
dari conditions appears to yield the highest tonnage of stripped cane and sucrose 
per acre, but its average purity coefficient and glucose ratio were low compared 
udth the other Coimbatore varieties. Of these Co 312 gave the highest 
yields of stripped cane and sucrose per acre and it may be remarked that this 
variety did much better at the Agricultural Farm at Vihari in the seasons 1935- 
36 and 1936-37 than in the previous year at the B. C. G. A. Farm at Khanewal. 
Generally speaking, almost all the varieties did better at the Vihari Farm 
than in the Khanewal tehsil. 


Comparison of indigenous and Coimbatore varieties 


Variety 

Stripped ; 
1 cane 

Juice 

Total 

solids 

Sucrose 

Glucose 

ratio 

Purity 

coefficient 

! 1 





Outturn in tons per acre 


I 

Local 

14-4 

1 8*18 

1-71 

1-45 

[ 1*1 

1 85-2 ji 

Coimbatore 

19*1 

' 12*20 

2*19 

1-87 

2*3 

85*3 



Outturn per ton of cane 


1 

Local 

t 

0-57 

0*119 

0-101 

• * 

■ s 

' ’• J 

Coimbatore 

•• 

0-64 

0*115 

0*098 

•• 

JI 


On the whole, the Coimbatore varieties in this district have done better 
than the local ones, although not so well as in other districts. Katha however 
appears to have done better in the Multan district than in Montgomery or 
Lahore. o 

Stjmmaey 

1. The survey described in this paper was conducted for four years in the 
Lyallpur, Sheikhupura, Lahore and Montgomery districts and the Khanewal 
tehsil of the Multan district. 
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2. On account of intensive heat in summer and cold winters, more parti- 
cularly the latter, the Lyallpur and Montgomery districts cannot be regarded 
as pre-eminently suitable for sugarcane, yet owing to canal irrigation the Lyall- 
pur district which has more than 40,000 acres under cane ranks next to Gurdas- 
piir, the premier cane-gromng district of the Province. The data obtained 
during these surveys indicate that with adequate irrigation there appears 
to be no reason why cane growing could not be developed in the Montgomery 
district to the same extent. 

S. In the Multan district, which is hotter and more arid than Lyallpur 
and Montgomery, the absence of irrigation facilities is a more serious limiting 
factor for cane growing than the high summer temperatures, 

4. The hardier varieties which are better able to withstand extremes of 
temperature and scarcity of water are more suitable than the soft ones for the 
tracts described in this report, 

5. Coimbatore varieties have invariably been found to give better 3 ?ields 
of cane and sucrose per acre than the local varieties. The best 3 rields from 
both local and Coimbatore varieties were obtained in the Sheikhupura district, 
whilst the yield from local canes in the Multan district (Khanewal) wms the 
next best after Sheikhupura, and slightly better than Montgomery. Both at 
Montgomery and Multan, Coimbatore canes did equally well as regards yield. 

It is interesting to record that the Lahore district, which appears to be one 
of the most suitable of all the tracts surveyed, gave the lowest yields of indi- 
genous cane of any district in the Punjab, possibly due to the fact that zamin- 
dars there pay more attention to thick canes such as Red Striped Mauritius 
and Ponda varieties which are grown for chewing and fetch better prices. These 
thick varieties which are extensively grown in the Lyallpur district have been 
found to give better pelds than the Coimbatore varieties. It was found 
that the greatest amount of sucrose produced from an acre of local cane was 
obtained in the Multan district, Sheikh apura, Lyallpur and Montgomery 
coming next in order. The Coimbatore varieties gave the highest yie’ds 
of sucrose per acre in Sheikhupura and Montgomery. The order in which the 
various districts have benefited most in respect of increased yields of sucrose 
per acre due to the introduction of new Coimbatore varieties appears to be 
Lahore, Sheikhupura, Montgomery, Lyallpur and Multan. 

6. The Coimbatore canes, which have been introduced in the Punjab from 
time to time, have been steadily improving in quality as judged Wn the 
figures for sucrose percentage on cane and therefore the cultivators are now 
more eager to take to Coimbatore varieties than they were before. 

7. Owing to very hot summers followed by the dry autumn months, 
sugarcane in the Lyallpur and Montgomery dikriots ripens comparatively 
earlier than in other districts of the Punjab excepting Sheildiupura, w^here for 
certain unexplained reasons, the crop is the earliest to ripen. 

8. With the introduction of new varieties, the period of optimum ripeness 
has been considerably increased^ In the Sheikhupura district where the canes 
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mature earlier than elsewhere the crushing season was found to extend over 
a period of 154 days, while in the Lyallpur, Montgomery, Multan and Lahore, 
it was 145, 146, 146 and 124 days respectively. The crushing season is con- 
siderably longer in these districts than in the central and south-eastern dis- 
tricts, due partly to the introduction of early ripening varieties of which 
Co 313 is the most important. 

9. The districts covered by the present survey were found to be compara- 
tively free from those diseases and pests which usually cause damage to the cane 
crop in the central and south-eastern districts. The only disease met with -was 
red -rot, which was severe in the Chunian tehsil of the Lahore District and 
Depalpur of the Montgomery district. Top borer was found to cause serious 
trouble at the Montgomery, Fatna and Vihari farms. Both red-rot and top 
borer are at present localised and all possible efforts should be made to prevent 
their extension. 


GeNEEAL OBSEEVATIONS on SUGAECANE in the PUNJAB 

It might be of interest now to consider the figures for average outturn of 
stripped cane per acre and the amount of sucrose contained therein for the 
different cane-growing districts of the Punjab which have been considered 
in this paper and in Part I. 

Table XXI below shows that the Rohtak and Karnal districts in the 
south-east of the Punjab have hitherto given the highest yields of stripped 
cane per acre both for local and Coimbatore va^rieties. The Jullundur and 
Hoshiarpur districts come next in order of yield. Of the remaining districts 
dealt with in these surveys the Lahore, Gurdaspur, and Sialkot districts have 
given the lowest jdelds of local canes, while the Lyallpur, Montgomery, Multan 
and Sheikliupura districts occupied an intermediate position in the order 


The yields of the Coimbatore canes from the Sheikhupura district were 
approximately the same as for the corresponding varieties from Jullundur, 
whilst the remaining districts yielded about 19 tons of stripped cane per acre 
in each case. These figures indicate that the introduction of new Coimbatore 
varieties has been very profitable for those districts which have hitherto 
produced only low yields of local cane. The figures for the jfields of sucrose 
per acre follow approximately the same order as those for stripped cane. It 
may be noted, however, that although less sucrose was obtained from the 
local canes in the Jullundur and Hoshiarpur districts than from those at Rohtak 
and Karnal, yet the two former districts gave the highest yields of sucrose per 
acre from the new Coimbatore varieties of any district in the Province. In 
other words, both the quantitative yields and the quality of the local varieties 
in the Rohtak and Karnal districts were superior to the local varieties in other 
tracts of the Province, and the Coimbatore varieties in the Gurdaspur and 
Lahore districts were superior to the local varieties both in tonnage yield and 
in quality. 
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It will be seen from Table XXIII that Gnrdaspur had the largest area 
under sugarcane, Lyallpur coming next, Sialkot being second however in 1936- 
37. x4s already recorded, however, the Montgomery district has not hither- 
to been regarded as a suitable cane growing tract owing to high summer tem- 
peratures and some other unsuitable features. Although Lyallpur experiences 
approximately the same climatic conditions as Montgomery, yet the yields 
from both local and Coimbatore canes w’^ere better in Montgomery than in 
Lyallpur. There w’ould appear, therefore, to be no valid arguments against 
the further extension of cane cultivation in the Montgomery district provided 
irrigation facilities and manure are available to the same extent as in Lyallpur. 

An important matter which deserves close attention but upon which no 
extensive investigations have yet been carried out, concerns the influence of 
the nature of and the form in which the alkali bases occur in the soil, on the 
quality of cane in the Lyallpur, Montgomery, and other districts of the North- 
West dry area of the Province. The amount of exchangeable calcium present 
in the soil seems to exercise a great influence on the amount of mineral matter 
present in the juice. Data available at present indicate that owing to the low 
concentration of exchangeable calcium in the soil of these districts the juice 
of the canes gives an abnormally high mineral content wLich results in a de- 
crease of approximately 10 per cent in the possible recovery of white sugar, 
compared with a corresponding recovery from the juice of the canes grown in 
the central tracts of the Punjab. Investigations on this problem have been 
in progress for some time and the results thereof will be published in due course, 
when it is hoped that some knowledge may be obtained of methods which may 
help to alleviate this defect in the canes in question. 

Table XXII gives the periods of ripeness and length of the crushing sea- 
sons. Corresponding figures for the districts previously surveyed have also 
been included in this table. It is interesting to note that in every year of this 
survey almost all varieties of cane in the Sheikhupura district for some obscure 
reason, ripened earlier than elsew’'here. Katha, generally ripens in the Punjab 
about the middle of November although in the Lahore district it is usually 
somewliat later. Ponda is usually ripe by the beginning of December. Of 
the four chief Coimbatore varieties grown in the Punjab viz., Co 205, Co 213, 
Co 223 and Co 285, Co 205 usually ripen in early December in the western 
districts of the Punjab but not until early January in the central and eastern 
districts or even as late as the first week of February in Jullundpr. Both 
Co 213 and Co 223 are ready by early December in the western districts, and 
by mid- January in the central and south-eastern parts of the Province. Cor- 
respondingly Co 285 is usually ready for crushing by the end of November in 
the w^estern district and mid- January in the central. Considering the cane 
crop as a whole in the various districts of the Punjab, Sheikhupura, as already 
noted, stands first as regards early maturity of its cane which is usually ready 
by the 3rd week of November. LyaUpur and Montgomery follow roughly 
a w^'cek later, whilst Multan and Lahore districts show a still fui’ther delay of 
a bout one w^eek. In the sub -mountainous regions represented by Gurdaspur 
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and .Sialkot, and the central districts such as JuIIundur, Hosliiarpiir and the 
south-eastern districts around Rohtak and Karnal, Coimbatore canes, as a 
whole are rarely ready for crushing before early January. 

Length of crushing season 

The length of the crushing season for factory or other reqiihements is 
obviously governed in the various districts by the periods over which the cane 
is in a ripe condition. An interesting fact brought out by the surveys recorded 
in Part I was that, although cane grown under zamindari conditions in the 
south-eastern districts of the Province gave higher tonnage yields than else- 
where, none of the varieties examined gave a crushing period of more than 
100 days. The surveys of the districts recorded in this paper, however, show 
that in these there is a much wider choice of varieties extending over a longer 
crushing seasons so that it should be possible to depend entirely upon Coimba- 
tore varieties to supply cane to the factory from the 3rd week of November 
until the middle of April, whereas in the sub-mountainous districts of Gurdas- 
pur and Siaikot, the central districts of Jullundur and Hoshiarpur and the 
south-eastern districts of Pohtak and Karnal, it is necessary to depend upon 
low yielding indigenous early ripening varieties to permit a factory to operate 
till the Coimbatore varieties become available. 

At the Agricultural Farm, Montgomery, the newly introduced Co 300, 
Co 301 and Co 313 permit a crushing season of more than 140 days, whilst in 
the Sheikhupura district Co 313 remained in a condition fit for crushing for 154 
days. Considering the quality, tonnage, and length of crushing season provided 
by Go 313 this variety apjiears to be the most promising one for the districts 
considered in the present survey, and it is deshable to develop its cultivation 
more extensively in some of the tracts reported on in Part I to see if its favour- 
able features would be maintained there also. Other varieties which appear 
to be most suitable for the tracts now reported on are Co 285 and Co 312. 

Sugarcane as fodder 

It is remarkable that Katha still occupies a very large portion of the 
total area under cane in the province particularly in the Lyallpur and Sheikhu- 
pura districts. The common belief of the zamindars that, in case of scarcity 
of fodder, this cane can be used as a substitute seems to be mainly responsible 
for its retention as it yields only about half the tonnage obtained from im- 
proved Coimbatore varieties otherwise it might have disappeared long ago. 
Another reason which zamindars sometimes advance is that Katha ripens much 
earlier and therefore the gur prepared from it in the early season can be sold 
at a premium. With the introduction of new fodders and new varieties of 
sugarcane both these reasons have lost their force. For winter berseem is 
a very good fodder crop and if systematic efforts are made to popularise this 
crop there is no reason why zamindars should grow Katha rather than the 
Coimbatore canes. In Co 313 which ripens as early as Katha and yields 
about three times as much, we have a cane which is an excellent substitute 
for Katha. It is essential therefore that systematic propaganda in favour 
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of new Coimbatore varieties should be carried out especiaHy in the Lyallpur 
district which unfortunately has only about 13 percent of its sugarcane area 

under new varieties. 


Diseases and pests 

The districts surveyed in this report were found to be coinparatively free 
from those diseases and insect pests which usually cause such havoc in the 
central and south-eastern districts of the Province The only disease which 
was found to any extent was red-rot which caused considerable damage to 
Cr213 and to a lesser extent to Co 223 in the 1933-34 season In that year it 
was found to some extent in the Lyallpur and Sheikhupura districts but was 
particularly severe in the Cliunian Tehsil of the Lahore district where the crop 
was almost entirely destroyed in some of the fields preserved. In Chunian 
and in the Lepalpur tehsils of Montgomery, red-rot has been steadily increasing 
in recent years and unless special efforts are made to control it by somng sound 
healthy canes, and in cases where the disease has been very burmng 

the diseased crop, it is possible that the trouble may spread further. 

Top borer caused serious though locahsed trouble in the Lahore and Mont- 
vomery districts where Co 223 and Co 312 were badly attacked at the Mont- 
gomery, Patna and Vihari farms. As this pest is at present fairly localised, 
all possible efforts should be made to prevent its extension. 


Ratooning 

Ratooning is not practised in the districts under i^eport to anything like 
the extent found in the sub-mountainous and central districts of the Pro- 
vince but only as a rule in those localities where water is available at a nommal 
or no cost, such as the riverain tracts found in the Gurdaspur and Hoshiarpur 
districts. It was very seldom that ratoon crops more than one year old were 
found in the districts under report, although a feature of such crops is that 
they usually ripen from a fortnight to a month earlier than the planted crop 
of the same variety. As remarked in Part I, if the practice of ratooning is 
adopted, adequate measures of insect control must be carried out. 
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Table I 

Average composition of different varieties of sugarcane, during period of maturity 

{LyaUpur District) " 



Weight 

of 

stripped 
cane in 
: tons 
per 
acre 

i 

Per cent on cane of 




1 Locality 

1 

j- 1 . 

Juice 

i 

Totai 

solids 

Sucrose 

■j 

1 Glucose 1 

Glucose 

ratio 

Purity 
' coeffi- 
cient 


Co 205 


1934-36 

1 Chak 13S 
1 R. B. 

1-35 j 61-8 

1 

10-80 

! 8 -20 

0-65 

' 7-9 

1 76 

1935-36 

j Chak 471 
G. B. 

j 

16-00 j 57-0 

! 

10-80 

8-83 

0-25 

2-8 

82 

1936-37 

00 . 

17-20 1 61-6 

11-15 

9-13 

0-37 

4*1 

82 

Average 
for 3 
years 

1 

15-85 

j 60-1 

1 

10-92 

8-72 

0-42 

4-8 

80 




Co 213 





1933-34 

Chak 213 
R. B. 

1 16-6 

I 

1 66-6 

3 

11-50 

9-40 

0-24 

2-7 

82 




Co 223 





1033-34 

Chak 190 
R. B. 

18-82 

63-9 ! 

11-60 

9-60 

0-40 

4-2 

83 

1034-35 

Chak 132 
R. B. 

16-70 

66-3 1 

11-63 

9-68 

0-31 

3*2 

82 

1935-36 

Chak 364 

J. B. 

15-10 

i 

63-7 j 

12-00 

10-13 

0-28 

2*8 

84 

la36-37 

Average 
for 4 
years 

Chak 2 J. B. 

23-60 

18-55 

1 

66-4 1 

65-1 

11-91 

11-71 

10-00 

9-82 

0-30 

0-32 

'! 

3*0 

3*3 

84 

83 
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THE INDIAN JOUENAL OF AGEICULTUBAL SCIENCE [IX, HI 
Table I — contd. 




! Weight 
1 of 

Per cent on cane of 

; 


Year 

! 

1 Locality 

jStripped 
I cane in 
1 tons 
per 
acre 

Juice 

Total 

solids 

Sucrose 

Glucose 

Glucose 

ratio 

Purity 

coefS- 

cient 




Oo 

285 

■[ ' 

1 — 



1933-34 

! Chak 213) 31-2 

. 1 

j 62-0 

1 12-30 

1 9-80 

0*17 

j 1*7 

80 

1934-35 

Chak 132 

B. B. 

i 17-6 

1 

64-1 

12-18 

1 

1 9-60 

0*18 

1*8 

81 

1935-36 

Chak 471 

G.B. 

1 

j 16*3 

1 

1 

60-5 

11-70 

9-60 

0*18 

1*9 

82 

1936-37 

Chak 471 

G.B. 

j 

j 21-7 

1 

62-3 

11-80 

1 

9*81 

0*20 

2*0 

83 

Average 
for 4 
years 


1 

j 21-7 , 

1 

62-2 

1 

1 

12-00 1 

9-70 1 

0*18 

1*9 

81 




Com 





1934-35 

Ohak 327 
J.B. 

19*9 

■ 

66-6 

12-32 

10-20 

. 

0-20 1 

1 

2*0 

83 




Pmda 





1935-36 

Chak 126 
G. B. 

26*2 

69-8 

13-6 

11*68 

I 

0-36 1 

3*0 

87 


j 


Katha 


1933-34 

Chak 190 
B.B. 

1 13*7 

54*9 

11*20 

9*30 

1 0-06 

0*7 

83 

1934-35 

Chak 132 
B.B. 

10-8 

60*6 

12*50 

9*93 

0-29 

2*9 

79 

1935-36 

Chak 132 

B.B. 

10*7 

57-7 

12-52 

10*22 

0-16 

1*6 

82 

1936-37 

Chak 126 
G.B. 

16*1 

57*8 

12*18 

10-28 

0-16 

; 

1-6 

84 

Average 


12*8 

57-8 

12*10 

9*92 

0-17 

1*7 

82 
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Table II 


Amount of juice and sucrose, etc., per acre {in tons) and per ton of cane 
{^allpur District) 


Variety 

Year 

Weight per acre 

Weight per ton of cane 

Strippe 

canes 

d| J nice 

Total 

solids 

1 Snerosi 

3 Juice 

Total 

solids 

j ..... 

1 Sucrose 

Co 205 

1934-35 

14*4 

8*90 

1*60 

1*20 

0*62 

0-108 

0-082 


1935-36 

16-0 

9-12 

1*41 

1-73 

0*57 

0-108 

0-088 


1936-37 

17*2 

10-67 

1*91 

1-57 

0-62 

0-112 

0-091 


Average 

15*9 

9*51 

j 1-64 

1*50 

0*60 

0-109 

0*087 

Co 223 

1933-34 

18-8 

12-04 

1*75 

1-47 

0*64 

0-116 

0*096 


1934-36 

16-7 

11-02 

1*95 

1*61 

0-66 

0-116 

0*096 


1936-36 

15*1 

9-66 

1*81 

1*52 

0-64 

0-120 

0-101 


1936-37 

23-6 

15*58 

2*81 

2-37 

0-66 

0-119 

0-100 


Average 

18*6 

12*06 

2-08 

1*74 

0-65 

0-118 

0-098 

Co 213 

1933-34 

16*6 

10*45 

1*72 

1*42 

0-67 

0-116 

0-094 

Co 286 

1933-34 

31*2 

19-34 

2*75 

2*26 

0-62 

0-123 

0-098 


1934-36 

17*5 

11-2 

2-10 

1*70 

0-64 

0-122 

0-096 


1936-36 

16*3 

9-94 

1-90 

1*59 

0.-61 

0-117 

0-096 


1936-37 

21*7 

13-46 

2-66 

2*12 

0-62 

0-118 

0-098 


Average 

21*7 

13-46 

2-33 

1*92 

0-62 

0-120 

0-097 

Co 290 

1934-36 

19*9 

13-33 

2-40 

2*04 

0-67 

0-123 

0-102 

Ponda 

1936-36 

26*2 

18-34 

3-64 

3*02 

0-70 

0-136 

0-117 

, 

Katha 

1933-34 

13*7 

7-53 

1-86 

1*52 

0-56 

0-112 

0-093 


1934-36 

10*8 

6-69 

1-41 

1*13 

0-61 

0-125 

0-099 


1936-36 

10*7 

6-21 

1-34 

1*10 

0-68 

0-125 

0-102 


1936-37 

16*1 

9-34 

1-96 

1*64 

0-68 

0-122 

0-103 


Average 

12*8 

7-42 

1-64 

1*35 

0-68 

0-121 

0-099 
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Table III 


Composition of juice from different varieties of cane — average of four years 

{Lyallpur District) 



: Weight 
! of 

1 Per; cent on cane of 

1 



Variety of cane 

stripped 
cane in 
tons 
per 
acre 

Juice 

Total 

solids 

1 

1 Sucrose 

Glucose 

Glucose 

ratio 

i 

Purity 

coeffi- 

cient 

Co 205 

15*85 

61*1 

10-92 

8*72 

0*42 

4*8 

80 

Co 213 

15*6 

66-6 

11*50 

9*40 

0*24 

2*6 

82 

Co 223 

18*55 

65*1 

11*79 

9*82 

0*32 

3*6 

83 

Co 285 

21*7 

62*2 

12*00 

9*70 

0*18 

1*9 

81 

Co 290 

19*9 

66*6 

12*32 

10*20 

0*20 

2*0 

83 

Coimbatore (Average) 

18*33 

64*3 

11*71 

9*57 

0*27 

2*8 

82 

Pond a (Average) 

26*2 

69*8 j 

13*5 

11*68 

0*35 

3*0 

87 

Katha (Average) 

12*8 

57*8 

12*10 

9*92 

0*17 

1*7 

82 


Table IV 


Period of ripeness for different varieties of cane {Lyallpur District) 


Year ' 

Varieties of canes 

Katha 

1 

Ponda 

Co 205 

Co 213 

Co 223 

j Co 286 

: Co 290 

1934-35 

26/11 


20/12 


27/11 

14/12 

2/12 


to 


to 


to 

to 

to 


10/4 

1 

4/4 


25/3 

8/4 

24/3 

1935-36 . . 

14/11 

30/11 

23/11 


6/12 

9/12 



to 

to 

to 


to 

to 



2/4 

12/3 

28/3 


8/4 

6/4 


1936-37 

8/11 


19/11 


16/11 

14/11 

16/11 


to 


to 


to 

to 

to 


11/4 


26/3 


■ 12/4 

12/4 

' 12/4 

Average period of 

16/11 

30/11 

i/12 


26/11 

2/12 

24/11 

optimum ripeness 

to 

to 

to 


to 

to 

to 


8/4 

12/3 1 

. i 

30/3 


5/4 

9/4 

3/4 



■ 1' 



i 

■: ■ , ; 1 



— The figures for 1933-34 are not included as they were abnormaL 
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Table V 


Average composition of different varieties of sugarcane during maturity period 
(Sheihhupura District) 




i 

j Weighi 
of 


Per cent on cane of 

1 

j 

V ariety 

Year 

strippec 
cane in 
tons 
per 
acre 

i 

Juice 

: 

TotaJ 

solids 

I 

I 

Sucros( 

5 Glucose 

j Purity 

1 coeffi- 
Glucose 1 cient 
ratio ! 

i 1 

i i - ■ 

Co 213 . 

1933- 34 

1934- 35 

1935- 36 

I 14*8 

1 18*1 
! 23*3 

64*5 

67-2 

64*9 

11*50 

11*93 

12*10 

9-40 

9-90 

9-96 

1 0*23 

I 0*16 
0*14 

2*5 

1*6 

1*4 

2*0 

1 

1 81 

^ 83 

83 

84 


1936-37 

1 28-5 

67*5 

12*80 

10-73 

0*21 


Average 

1 21-2 

66*0 

12-08 

10-00 

0-19 

1*9 

I 83 

Co 206 . 

1934- 35 

1935- 36 

13-3 

26-4 

61*4 

59*2 

10*90 

10*20 

1 8*34 

I 8*12 

0-66 

0-61 

6*6 

6*3 

5*6 

1 77 

i 79 

j ■ 83 


1936-37 

24-3 

62*6 

11*26 

9-33 

0-52 


Average 

21*3 

61*1 

10-79 

8*60 

0-53 

6*2 

^ 80 

Co 223 . 

1933- 34 

1934- 35 

1935- 36 

14*9 

15*4 

24*8 

63*9 

66*5 

64*2 

11*10 

11*48 

11*72 

9-33 

9-28 

9-72 

0-37 

0-41 

0-24 

4*0 

4*4 

2*9 

3*2 

84 

87 

83 

85 


1936-37 

22*8 

66*9 

11*80 

10-17 

0-32 


x4verage j 

19 ‘5 

65 *4 

11*50 

9-63 

0-36 

3*6 

84 . 

Co 286 . 

i 

1933-34 

23-9 

61 *8 

11*35 

9-26 

0-22 1 

2 *4. 

82 

81 

j 

1934- 35 

1935- 36 

15-9 

21*8 

63*7 

61 *8 

11*36 

11*70 

9-19 

9-79 

0-27 1 
0-17 

2*9 

1*8 

2*2 


1936-37 

25-2 

64*2 

12*14 

10-17 

0-22 

84 

84 


Average 

21*7 

62-9 

11*65 

9-61 

0-22 

2*3 

83 

Co 244 . 

1934- 35 

1935- 36 

18*0 

34*9 

67*3 

65*2 

11*67 

12*05 

9-60 

10-40 

0-23 ! 
0-24 

2*4 

2*3 

81 ■ 
86 

84 


Average 

26*4 

66*3 

11*86 

9-95 

8-26 

2*4 

Co 313 . 

1936-37 

27*4 

66*4 

13*08 

1 

11*08 

0-19 

1*7- 

85 

Ponda . 

1936-37 

28*9 

74*2 

13*41 

11*95 

■ 0-35 

2*9 

89 

Katha . 

1933- 34 

1934- 35 

1935- 36 

16*8 

16*3 

15*0 

54*9 

58*4 

54*3 

11*03 

11*60 

11*37 

9*08 

9*15 

9*27 

0-06 

0-20 

0-08 

0*4 

2*2 

0*8 

1*7 

1*3 

82 

79 

82 

84 

82 


1936-37 

15*9 

58*1 

11*77 

9*89 

0-17 


Average 

16*0 

56*4 

11*45 

9*35 

0-12 



THE INDIAN JOHENAL OE AGEICULTUEAL SCIENCE [IX, ill 
Table VI 


Amount of juice and sucrose, etc., per acre {in tons) and per ton of cane 

(Sheikhupura District) 


Variety 

Year 

Weight per acre 

Weight per ton of cane 

1 Strippec 
canes 

i Juice 

Total 

solids 

Sucrose 

Juice 

Total 

solids 

Sucrose 

Co 206 . 

1934-35 

13*3 

8-08 

1-44 

1*10 

0*61 

0-112 

0-086 


1936-36 

26-4 

15-59 

2-70 

2-15 

0*59 

0*102 

0-081 


1936-37 

24*3 

15-31 

2*74 

2*27 

0*63 

0-113 

0-093 


Average 

21-3 

13-01 

2-29 

1-84 

0-61 

0*108 

0-086 

Co 213 . 

1933-34 

14*8 

9-62 

1*72 

1*42 

0-65 

0-116 

0-094 


1934-35 

18*1 

12-13 

2-16 

1*79 

0-67 

0-119 

0-099 


1935-36 

23*3 

15-15 

2-81 

2-33 

0-65 

0-121 

0-100 


1936-37 

28-5 

19-38 

3*62 

3-04 

0*68 

0*128 

0-107 


Average 

21-2 

14-0 

2-58 

2-15 

0*66 

0-121 

0*100 

Co 223 . 

1933-34 

14*9 

9-54 

1-75 

1-47 

0*64 

0-111 

0-093 


1934-35 

15*4 

10-32 

1-80 

1*44 

0*67 

0*115 

0*093 


1935-36 

24-8 

15-87 

2-90 

2-41 

0*64 

0-117 

0*097 


1936-37 

22*8 

15-28 

2-68 

2*31 

0-67 

0*118 

0*102 


Average 

19-5 

12-67 

2-28 

1-9 

0*65 

0-111 

0-096 

Co 244 . 

1934-35 

18-0 

12-06 

2*10 

1*71 

0-67 

0*117 

0-095 


1935-36 

34-87 

22*66 

4-20 

3-62 

0*65 

0-121 

0-104 

1 

j 

Average 

1 26-44 

17-46 

3-15 

2-66 

0*66 

0-119 

0-100 

Co 285 . 

1933-34 

23-9 j 

14-82 

2*75 

2-26 

0-62 

0-114 

0*093 


1934-35 

15*9 1 

10-18 

1-84 

1-49 

0-64 

0*114 

0-092 


1935-36 

21-8 

13-52 

2-55 

2-12 

0*62 1 

0-117 

0*098 


1936-37 

25-2 

16-13 

2-56 

2-12 

0*64 1 

0-121 

0-102 


Average 

21-7 

13-67 

—2*43 

2-00 

0-63 

0-117 

0*096 

Co 313 . 

1936-37 

27-4 

18-09 

3*58 

3-04 

0-66 

0-131 

0-111 

Ponda . 

1936-37 

28-9 

21-39 

3*88 

3*45 

0*74 

0*134 

0*120 

Katha . 

1933-34 

16-8 

9*24 

1-85 

1-52 

0*55 

0*110 

0-091 


1934-35 

16-3 

9-47 

1*90 

1-49 

0*58 

0-116 

0-092 


1935-36 

15-0 

8*10 

1-71 

1-40 

0-54 

0-114 

0-093 


1936-37 

15-9 

9-22 

1*87 

1-33 

0*58 

0-118 

0-099 


Average 

16-0 

8-96 ! 

i 

1-83 

1-44 

' 0-56 j 

i 

0*115 

0-094 
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Table VTI 


Composition of juice from different varieties of cane — average of four years 

{Sheihhupura District) 



Weight 

of 


Per cent on cane of 


Purity 

coeffi- 

cient 

Variety of cane 

stripped 
cane in 
tons 
per acre 

Juice 

Total 

solids 

Sucrose 

Glucose 

Glucose 

ratio 

Co 206 . . 

21-3 

61*1 

10*79 

8-60 

0-63 

6*2 

80 

Co 213 . 

21*2 

66*0 

12*08 

10-00 

0*19 

1*9 , 

1 83 

Co 223 . . . j 

19*5 

66-4 

11*05 

9*63 

0*35 

3*6 1 

87 

Co 244 . 

26*4 

66-3 1 

j 

11*86 

9*95 

0*24 

2*4 1 

84 

Co 286 . . 

21*7 

62*9 

11*65 

9*61 

0*22 

2*3 1 

83 

Co 313 . 

27*4 

66*4 

13*08 

11*08 

0*19 

1*7 

85 

Average of Coimba- 

22*9 

64*7 

11*75 

9*81 

0*29 

3*0 

84 

tore canes 

Katha . 

16*0 

66*4 j 

11*45 

9*35 

0*12 

1*3 

82 

Ponda . 

28*9 

74*2 j 

i 

13*41 

11*95 

0*35 

2*9 

89 


Table VIII 

Period of ripeness for different varieties of cane {Sheikhupura District) 


Varieties of cane 


Year 

Katha 

1 Ponda 

j Co 205 

Co 213 

Co 223 

Co 244 

Co 285 

Co 313 

1934-35 . 

26/11 


27/11 

1/1 

28/11 

28/11 

29/11 



! to 


to 

to 

to 

to 

j to 



6/4 


i 19/3 

29/3 

6/3 

4/4 

1 5/4 


1935-36 . 1 

21/11 

• . 

' 26/11 

3/12 

27/11 

21/11 

19/11 



to 


to 

to 

to 

to 

to 



5/4 


6/4 

2/4 

7/4 

30/3 

7/4 


1936-37 , 

10/11 

20/11 

6/11 

12/11 

12/11 


12/11 

5/11 


to 

to 

to 

to 

to 


to 

to 


12/4 

16/4 

18/4 

17/4 

10/4 

. 

10/4 

7/4 

Average , 

19/11 

20/11 

20/11 

6/12 

22/11 

26/11 

20/11 

5/11 


to 

to 

to 

to 

to 

to 

to 

to 

■ i 

8/4 j 

16/4 

■ 

4/4 

6/4 

23/3 

2/4 

6/4 

7/4 


Tile figures for 1933-34 are not included as they were abnormaL 
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Table IX 


Average composition of different varieties of sugarcane during maturity period 

{Lahore District) 




Weight 

Per cent on cane of 


Purity 



of 






Varie^ty 

Year 

stripped 
cane in 




1 

Glucose 

coeffi- 


Juice 

Total 

Sucrose 

Glucose 1 ratio 

cient 



tons per 

! 

solids 







acre 







Katlia . 

1933-34 

11-0 

63*1 

10-30 

8*40 

0*21 

2-5 

82 

Kahu . 

1935-36 

6*4 

65*1 

12*86 

10*84 

0*35 

1 

3*2 

84 

Ponda . 

1933-34 

27‘9 

71*5 

12*28 

10*98 

0-61 

4*6 

89 

1934-36 

18-7 

70*8 

12*29 

11*03 

0*39 

3*5 

90 


1935-36 

41*5 

72-2 

12*81 

11*16 

' 0*48 

4*3 

87 


1936-37 

32*3 

71*5 

12*78 

11*32 

0*36 

3*2 

89 


Average 

28*8 

71*4 

12*47 

11*08 

0*46 

4-1 

89 

Co 205 . 

1933-34 

27*3 

57*9 

10-40 

8*60 

0*48 

5*6 

83 

1934-35 

14-7 

69*2 

10*05 

7-96 

0*79 

9*9 

79 


1936-36 

12*1 

58*3 

10*84 

9*11 

0*38 

4*2 

84 


Average 

18*0 

68*6 

10*43 

8*56 

0*55 

6*6 

82 

Co 223 . 

1933-34 

17*6 

64*4 

11*20 

9*68 

0*45 

4*7 

86 

1934-35 

18*2 

65*8 

10*76 

9*08 

0*51 

5*6 

84 


1935-36 

19*8 

64*9 

11*65 

9*92 

0*47 

4*7 

85 


1936-37 

16*7 

66*7 

11*48 

9*90 

0*38 

3*8 

86 


Average 

17*9 

65*6 

11*31 

' 9*69 

0*44 

4*5 

86 

Co 285 . 

1933-34 

24*7 

59*8 

11*40 

9*80 

0*35 

3*6 

86 


1934-35 

25*3 

61*7 

11*17 

9*47 

0*30 

3*2 

85 


1935-36 

19*1 

63*3 

12*10 1 

10*32 

0*24 

2*3 

85 


1936-37 

18*5 

64*2 

12*09 

10*33 

0*23 

2*2 

86 


Average 

20*1 

63*3 

11*84 

10*09 

0*25 

2*5 

85 

Co 290 . 

1933-34 

28*8 

66*4 

12*10 

10*40 

0*35 

3*4 

86 


1934-35 

15*2 

69*0 

12*19 

10*26 

0*45 

4*6 

84 


1935-36 

6*0 

64*8 

13*04 

11*45 

0*21 

1*8 

88 


1936-37 

7*0 

67*2 

12*33 

10*89 

0*25 

2*3 

88 


Average 

12*8 

66*9 

12*40 

10*78 

0*30 

2*8 

87 
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Amount of juice and sucrose, etc., per acre {in tons) and per ton of cane 

{Lahore District) 


Variety 

Year 

Weight per acre 

Weight per ton of cane 

Stripped 

canes 

Juice 

Total 

solids 

Sucrose 

Juice 

Total 

solids 

Sucrose 

Katha . 

1933-34 

11-0 

5*84 

1*13 

0*92 

0-53 

0-103 

0-084 

Kahu 

1936-36 

6-4 

4*17 

0*82 

0*69 

0*65 

0*129 

0*108 

Ponda . 

1933-34 

27-9 

20-0 

3*43 

3-07 

0-72 

0*123 

0-110 


1934-35 

18-7 

13*2 

2*30 

2*06 

0*71 

0*123 

0*110 


1936-36 

41*5 

30*0 

5*32 

4*63 

0*72 

0*128 

0*112 


1936-37 

32*3 

23*1 

4*13 

3*66 

0*72 

0*128 

0*114 


Average 

28*8 

20*6 

3*59 

3*19 

0-71 

0*125 

0*111 

Co 205 . 

1933-34 

27*3 

15*8 

2*84 

2*35 

0*58 

0-104 

0-086 


1934-35 

14-7 

8*7 

1*48 

1*17 

0-59 

0*101 

0*080 


1935-36 

12-1 

7*06 

1*31 

1*10 

0*58 

0*108 

0*091 


Average 

18-0 

10-5 

1*88 

1*54 

0-69 

0*104 

0*086 

Co 223 . 

1933-34 

17-6 

11*3 

1*97 

1*70 

0*64 

0*112 

0*097 


1934-35 

18-2 

12*0 

1*96 

1*66 

0*66 

0*108 

0*091 


1935-36 

19*8 

12*9 

2*31 

1*96 

0*65 

0*117 

0*099 


1936-37 

16-7 

11*1 

1*92 

1*65 

0*67 

0*115 

0*099 


Average 

17-9 

11*7 

2*02 

1*73 

0*66 

0*113 

0*097 

Co 285 . 

1933-34 

24-7 

14*8 

2*82 

2*42 

0*60 

0*114 

0*098 


1934-35 

25*2 

15*6 

2*83 i 

2*40 

0*62 

0*112 

0*095 


1935-36 

19*1 

12*1 

2*31 1 

1*97 

0*63 

0*121 

0*103 


1936-37 

18*5 

11*9 

2*24 

1*91 

0*64 

0*121 

0*103 


Average 

20*1 

12*7 

2*38 

2*03 

0*63 

0*118 

0*101 

Co 290 . 

1933-34 

28*8 

19*1 

3*49 

3*00 

0*66 

0*121 

0*104 


1934-35 

15*2 

10*5 

1*85 

1*56 

0*69 

0*122 

0*103 


1935-36 

6*0 

3*89 

0*78 

0*69 

0*65 

0*130 

0*115 


1936-37 

7*0 

4*70 

0*86 

0*76 

0*67 

0*123 

0*109 


Average. 

12*8 

8*56 

1*59 

1*38 

0*67 

0*124 

0*108 

Co 312 . 

1936-37 

7*0 

4*61 

0*84 

0*75 

0*66 

0*119 

0*107 
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Table XI 


Composition of juice from different varieties of sugarcane — average of four years 

{Lahore District) 



Weight 

of 

Per cent on cane of 

Glucose 

Purity 

Variety of cane 

stripped 
eane in 
tons per 
acre 

Juice 

Total 

solids 

Sucrose 

Glucose 

ratio 

coeffi- 

cient 

Katha • 

11-0 

53*1 

10-3 

8*4 

0*21 

2*5 

82 

Kahu . 

6*4 

65-1 

12*86 

10*84 

0*35 

3*2 

84 

Ponda . 

28*8 

71*4 

12*47 

11-08 

0*45 

4*1 

89 

Co 205 . 

18*0 

58*5 

10*43 

8*55 

0*55 

6*6 

82 

Co 223 . 

17*9 

66-6 

11*31 

9*69 

0*44 

4*5 

86 

Co 285 . 

20*1 

63*3 

11*84 

10*09 

0*25 

2*2 

85 

Co 290 . 

12*8 

66*9 

12*40 

10*78 

0*30 

2*8 

87 

Co 312 . 

7-0 

65*8 

11*97 

10*68 

0*18 

1*7 

89 

Average for Coimba- 
tore canes. 

15*2 

64*0 

11*59 

! 9*96 

0*34 

3*4 

86 

Average for Coimba- 
tore canes (exclud- 
ing Co. 290 & 312). 

18*7 

62*5 

11*19 

9*44 

0*41 

4*3 

84 


Table XII 


Period of ripeness for different varieties of sugarcane {Lahore District) 


Varieties of cane 


Year 

Katha 

Kahu 

Ponda 

Co 205 

Co 223 

Co 285 

Co 290 

Co 312 

1933-34 . 

6/12 


6/12 

12/12 

8/12 

12/12 

12/12 



to 


to 

to 

to 

to 

to 



19/3 


13/3 

8/4 

26/3 

8/4 

26/3 


1934-35 . 

. . 

. . 

9/12 

22/12 

6/12 

18/12 

22/12 

. . 




to 

to 

to 

to 

to 





21/2 

13/4 

22/3 

1/4 

16/2 


1935-36 . 


24/11 

28/11 

7/1 

1/12 

4/12 

15/12 

. . 



to 

to 

to 

to 

to 

to 




11/3 

24/2 

14/4 

22/3 

6/4 

17/3 


1936-37 . 

. . 

. . 

20/11 

. . 

24/11 

13/11 

10/11 

28/11 




to 


to 

to 

to 

to 




17/3 


15/3 

9/4 

7/3 

26/3 

Average pe- 

5/12 

, 24/11 

1/12 

24/12 

5/12 

4/12 

7/12 

28/11 

riod of 

to 

to 

to 

to 

to 

to 

to 

to 

optimum 

ripeness. 

19/3 

11/3 

5/3 

12/4 

23/3 

j 

6/4 

10/3 

26/3 
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Table XIII 


Average composition of different varieties of sugarcane during maturity period 
{Montgomery District) 




Weight 

Per cent on cane of 



Variety 

Year 

i 

1 

i 

j 

of 

strippec 
cane in 
tons pei 
j acre 

J nice 

Total 

solids 

Sucrose 

Glucose 

Glucos 

ratio 

e Purity 
co-effi- 
cient 

Katha , 

1934- 35 

1935- 36 

1936- 37 

16 vl 
12*2 
11*4 

57*3 

57*5 

59*5 

1 

1 12*14 

12*45 
12*21 

9*94 

10*19 

9*79 

0-10 

0-19 

0-34 

0*1 

1*8 

3*5 

82 

82 

80 


Average 

13*0 

58*0 

12*31 

10*03 

0-20 

1*8 

81 

Ponda . 

1934-35 

22*1 

71*1 

12*81 

11*10 

0-51 

4*7 

86 

Co. 285 . 

1933- 34 

1934- 35 

1935- 36 

1936- 37 

20*3 

20*9 

23*9 

24*2 

60*5 

63*2 

62*4 

64*3 

10*98 

11*41 

12*02 

12*15 

9-32 

9-62 

10-24 

10-41 

0-23 

0-26 

0-17 

0-18 

2*5 

2*6 

1*7 

1*7 

85 

84 

85 

86 


Average 

21*7 

60*4 

11*27 

9*57 

0-20 

2*1 

85 

Co. 223 . 

1933- 34 

1934- 35 

1935- 36 

1936- 37 

17*5 

17*3 

22*0 

17*1 

63*8 

65*2 

64*9 

66*6 

10*96 

10*87 

11*72 

11*66 

9*34 

9*13 

10*01 

10*05 

0-40 

0-37 

0-29 

0-27 

4*3 

4*1 

2*9 

2*7 

85 

84 

85 

86 


Average 

18*6 

65*3 i 

j 

11*36 

9*70 

0-33 

3 *4 

85 

Co. 205 . 

1933- 34 

1934- 35 

1935- 36 

19*9 

18*8 

20*5 

59*1 

62*3 

60*6 

10*30 

10*39 

11*57 

8*66 

8*37 

9*30 

0-41 

0-50 

0-43 

4*7 

6*0 

4*6 

84 

81 

81 


Average 

19*9 

59*8 

10*59 

8*77 

0-43 

4*9 

83 

Co. 270 . 

1933-34 

15*8 

62*6 

11*60 

10*10 

0-30 

3*0 

87 ^ 

Co. 290 . 

1933- 34 

1934- 35 

1935- 36 

1936- 37 

18*3 

12*2 

18*3 

21*6 

64*9 

67*2 

69*4 

69*7 

10*60 

12*09 

13*20 

12*05 

8*90 

10*39 

11*77 

10*31 

0-83 

0-25 

0-16 

0-22 

5*6 

2*4 

1*4 

2*1 

84 ■ 
86 

89 

86 


Average 

16*6 

1 

67*9 

12*03 

10*34 

0-27 

2*6 - 

86 
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Table XIII — contd. 




‘WeiVlit 


Per cent on cane of 



Variety 

Year 

of 

stripped 
cane in 
tons per 
acre 

Juice 

Total 

solids 

Sucrose 

Glucose 

Glucose 

ratio 

Purity 

co-effi- 

cient 

Co. 300 . 

1934-35 

12*7 

67*9 

12-29 

10-60 

0*21 

2*1 

86 


1935-36 

27*1 

65-9 

13*12 

11-65 

0*09 

0*7 

89 


1936-37 

21-3 

66*2 

11-76 

10*00 

0-14 

1*4 

85 


Average 

18*5 

67-0 

12-36 

10*72 

0*16 

1*6 

87 

Co. 301 . 

1934-35 

18*1 

67*2 

11-82 

9-98 

0.23 

2*3 

85 


1935-36 

27*1 

65-9 

13*12 

11-65 

0*09 

0*1 

89 


1936-37 

21*4 

69*1 

11-93 

9*96 

0*20 

2*0 

84 


Average 

22*2 

j 

07*4 

12*29 

10-53 

0*17 

1*8 

86 

Co. 312 . 

1934-35 

16*8 

68*2 

11*42 

9*72 

0*24 

2*5 

85 


1935-36 

27*9 

66*2 

12*50 

11*04 

0*19 

1-4 

88 


1936-37 

30*4 

67*7 

11*31 

9*42 

0*20 

2*2 

84 


Average 

25*8 

67*4 

11*64 

9*97 

0*20 

2*0 

86 

Co. 313 . 

1934-35 . 

10*0 

64*9 

11*89 

10*14 

0*18 

1*9 

85 


1935-36 

26-3 

67*5 

13*23 

11*70 ' 

0*15 

1*3 

88 


1936-37 

30*8 

67*8 

13*69 

11*87 

0*16 

1*3 

87 


Average 

19*3 

66*3 

12*68 

10*96 

0*17 

1*4 

86 

Co. 213 . 

1933-34 

11 '0 

60*3 

11*00 

9*20 

0*17 

1*8 

84 


1935-36 

20*9 

65*9 

12*38 

10*71 

0*16 

1*5 

87 


1936-37 

( 

27-0 

67*3 

12*87 

11*15 

0*15 

1*3 

87 


Average 

19*9 

64*8 

12*16 

10*45 

0*16 

1 

1*5 

86 

Go .210 . 

1935-36 

11*7 

66*6 j 

11*96 

10*00 

i 

0*16 

1*6 

1 

84 
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Table XIV 

Amount of juice and sucrose, etc., per acre {in tons) and per ton of cane {Mont' 

gomery District) 


Variety 

Year 

Weight per acre 

Weight per ton of cane 

Stripped 

canes 

J nice 

Total 

solids 

Sucrose 

Juice 

Total 

solids 

Sucrose 

Katlia 

1934-35 

16-1 

9*2 

1*95 

1*60 

0*51 

0*121 

0*099 


1935-36 

12-2 

7*0 

1-52 

1*24 

0*58 

0*125 

0-102 


1936-37 

11*4 

6*8 

1-39 

1*12 

0*60 

0*122 

0*098 


Average 

13*0 

7*5 

1*60 

1-30 

0*68 

0*123 

0*100 

Ponda 

1934-35 

22*1 

15*7 

2*85 

2*45 

0*71 

0-129 

0*111 

Co 285 

1933-34 

20-3 

12-3 

2*23 

l‘S9 

0*61 

0*110 

0*093 


1934-35 

20*9 

13*2 

2*38 

1*99 

0*63 

0-114 

0-095 


1935-36 

23*9 

14*9 

2*87 

2*45 

0*62 

0*120 

0*102 


1936-37 

24-2 

15*6 

2*94 

2*52 

0*64 

0*122 

0*104 


Averevge 

21*7 

13*1 

2*45 

2*08 

0*60 

0*113 

0*096 

Co 223 

1933-34 

17*5 

11*2 

1 -92 

1*64 

0*64 

0-110 

0*093 


1934-35 

17-3 

11*3 

1*88 

1*58 

0*65 

0-109 

0-091 


1935-36 

22*0 

14*3 

2*58 

2*20 

0*65 

0*117 

0*100 


1936-37 

17*1 

11*4 

1*99 

1*72 

0*67 

0*124 

0*108 


Average 

18*6 

12*2 

2-11 

1*80 

0*65 

0-114 

0*097 

Co 205 

1933-34 

19*9 

11*8 

2*05 

1*72 

0*59 

0-103 

0*087 


1934-35 

18*8 

11*7 

1*95 

1*57 

0*62 

0-104 

0-084 


1935-36 

20*5 

12*4 

2*37 

1*91 

0*61 

0*116 

0*093 


Average 

19*9 

11*9 

1 2*11 

1*75 

0*60 

0*106 

0*088 

Co 270 

1933-34 

15*8 

9*9 

1*83 

1*60 

0*63 

0*116 

0*101 

Co 290 

1933-34 

18*3 

11*90 

1*94 

1*63 

0*65 

0*106 

0*089 


1934-35 

12*2 

7*83 

1*41 

1*21 

0*67 

0*121 

0*104 


1935-36 

18*3 

12*7 

2*42 ^ 

2*15 

0*69 

0*132 

0*118 


1936-37 

21*6 

15*1 

2*60 

2*23 

0*70 

0*121 

0*103 


Average 

16-6 

11*3 

2*00 

1*72 

0*68 

0*120 

■ 0*103 

Co 300 

1934-35 

12*7 

8*6 

1*66 

1*35 

0*68 

0*123 

0*106 


1935-36 

27*1 

17*9 

3*56 

3*16 

0*66 

0*131 

0*117 


1936-37 

21*3 

14*1 

2*50 

2*13 

0*66 

0*118 

0*100 


Average 

18*5 

12*4 

2*29 

1*98 

0*66 

0*124 

0*107 

Co 301 

1934-35 

18*1 

12*2 

2*14 

1*81 

0*67 

0*118 

0*100 


1935-36 

27*1 

17*9 

.3*56 

3*16 

0*66 

0*131 

0*117 


1936-37 

21*4 

14*8 

2*65 

2*13 

0*69 

0*119 

0*100 


Average 

22*4 

15*0 

2*73 

2*34 

0*67 

0*123 

0*105 
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Table XV 

Composition of juice from different varieties of sugarcane— average of four years 

{Montgomery District) 


Variety 

Year 

Weight per acre 

Weight per ton of cane 



i 

Stripped 
canes I 

! ' ' 

Juice 

Total 
solids 1 

Sucrose 

Juice 

Total 

solids 

1 

Sucrose 

Co 312 

1934-35 

16*8 

11*5 

1*92 

1*63 

0*68 

0*114 

0*097 


1935-36 

27*9 

18*5 

3*49 

3*08 

0*66 

0*125 

0*110 


1936-37 

30*4 

20*6 

3*44 

2*86 

0*68 

0*113 

0*094 


Average 

25*8 

17*4 

3*00 

2*57 

0*67 

0*116 

0*100 

Co 313 

1934-35 

lO-O 

6*5 

1*19 

1*01 

0*65 

0*119 

0-101 


1935-36 

26*3 

17-8 

3*48 

3*08 

0*68 

0*132 

0-117 


1936-37 

30*8 

20*9 

4*22 

3*66 

0*68 

0*137 

0*119 


Average. 

19*3 

12*8 

2*45 

2*12 

0*66 

0*127 

0-110 

Co 213 

1933-34 

11*0 

6-6 

1*21 

1*01 

0*60 

0*110 

0-092 


1935-36 

20*9 

13*8 

2*59 

2*24 

0*67 

0-124 

0-107 


1936-37 

27*0 

18*2 

3*47 

3*01 

0*67 

0*129 

0-112 


Average 

19*9 

12*9 

2*42 

2*08 

0*65 

0*122 

0-105 

Co 210 

1935-36 

11*7 

7*8 

1*40 

1*17 

0*67 

0*120 

0-100 


Variety of cane 

W^eight 

of 

Per cent on cane of 

Glucose 

ratio 

Purity 

coetE- 

cient 

stripped 
cane in 
tons 
per 
acre 

Juice 

Total 

solids 

Sucrose 

Glucose 

Katha . . • 

13*0 

58-0 

12*31 

10*03 

0*20 

1*8 

82 

Ponda . 

22*1 

71*1 

12*89 

11*10 

0*51 

4*7 

86 

Co- 205 , 

19*9 

59*8 

10*59 

8*77 

0*43 

4*9 

■ 83 • ■ 

Co 210 . 

11*7 

66*5 

11*96 

10*00 

0*16 

1*6 

84 

Co 223 , , . • 

18*6 

65*3 

11-36 

9*70 

0-33 

- 3*4 

85 

Co 213 . . . 

19*9 

64*8 

12*16 

10*45 

0*16 

1*5 

86 

Co 285 . 

21*7 

60*4 i 

11*27 

9*57 

0*20 

, 2*1 

85 

Co 290 . 

16*6 

67*9 

12*03 

10*34 

0*27 

2*6 

86 

Co 300 . 

18*5 

67*0 

12*36 

10*72 

0*16 

1*6 

•87 

Co 301 . . 

22*2 

67*4 

12*29 

10*53 

0*17 

1*8 

86 

Co 312 . 

25*8 

67 *4 

11*64 

9*97 

0*20 

1 2*0 

86 

Co 313 . 

19 * 3 

66*3 

12*68 

10*96 

0-17 

1 1*4 

86 

Co 270 . 

15*8 

62*6 

11 *60 

10*10 

0*30 

3*0 

87 

Average of Coimba- 

19 * 1 

64*9 

11*81 

10*11 

0-23 

V . 2*3 

86 

tore canes. 
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Table XVII 

Averaae composition of different varieties of sugarcane during maturity period 

{Multan District) 


Glucose Purity 
ratio coeffi- 
cient 


Glucose 


Total 

solids 


Juice 


Variety 


Ponda 


Weight 

of 

stripped 
cane in 
tons 
per acre 

17 

•6 

14 

•7 

11 

•0 

21 

•3 

16 

•1 

18 

•7 

25 

2 

17 

0 

19 

9 

19' 

•8 

12 

•9 

8 

•8 

10 

•9 

25 

•3 

19 

•7 

20 

•0 

19 

•8 

21 

•2 

12 

•4 

9 

•5 

11 

•4 

27 

•1 

19 

'7 

25 

•9 

18 

•7 

22 

•8 

25 

•2 

20 

•9 

24 

'0 

19 

•0 

22 

•9 

17' 

■6 

25- 

•6 

30- 

■2 

24 ■ 

•5 
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Table XVIII 


Amount of juice and sucrose, etc., 'per acre {in tons) and per ton of cane (Multan 

District) 


Variety 

, 

■ 



Weight per acre 


Weight per ton of cane 

Year 

Stripped 

canes 

Juice 

Total 

solids 

Sucrose 

Juice 

Total 

solids 

Sucrose 

Katha . 

1934-35 

17-6 

9-91 

2-11 

1*80 

0*56 

0*120 

0-102 


1936-36 

14-7 

8*44 

1-79 

1*54 

0*57 

0*122 

0*105 


1936-37 

11*0 

6*25 

1-27 

1*07 

0*57 

0*115 

0*097 


Average 

14*4 

8*18 

1*71 

1*45 

0*57 

0*119 

0*101 

Ponda . 

1933-34 

21-3 

14*3 

2*49 

2*15 

0*67 

0*117 

0*101 


1934-35 

16*1 

11*2 

1*95 

1*72 

0*70 

0*121 

0*107 


Average 

18*7 

12*8 

2*23 

1*94 

0*69 

0*119 

0*104 

Co 205 . 

1933-34 

25*2' 

16-2 

2*65 

2*17 

0-60 

0*105 

0-080 


1934-35 

17-0 

10*0 

1*89 

1*57 

0*59 

0*111 

0*092 


1935-36 

10*9 

12*1 

2*40 

2*05 

0*61 

0*121 

0*103 


Average 

19-8 

11-8 

2*22 

1*85 

0*60 

0*112 

0*093 

Co 223 . 

1933-34 

25*3 

16-2 

2*72 

2*29 

0*64 

0*108 

0*091 


1934-35 

19*7 

12*7 

2*12 

1*80 

0*65 

0*108 

0*091 


1935-36 

20*0 

13-0 

2*42 

2*10 

0*65 

0-121 

0*105 


1936-37 

19*8 

13*2 

2*39 

2*11 

0*67 

0*121 

0*107 


Average 

21*2 

13-8 

2-39 

2*04 

0*65 

0*113 

0*096 

Co 285 . 

1933-34 

^ 27*1 

16*2 

2*97 

2*55 I 

0*60 

0*110 

0*094 


1934-35 

19*7 

12*4 

2-22 

1*81 i 

0*63 

0*113 

0*092 


1935-36 , 

25 ‘9 

16*1 

3*21 

2*70 ! 

0*62 

0*124 

j 0*104 


1936-37 ; 

18-7 

11*9 

2*18 

1*77 1 

0*64 

0*116 i 

I 0*095 


Average 

; 22*8 

14*2 

2*65 

2*20 ! 

i 

0*62 

0*116 

0*097 

Co 281 , 

1933-34 

! 12*4 

8*0 

1*44 

1*24 i 

0*65 

0*116 1 

0 * 100 


1934-35 

9-5 

6*32 

1*16 

1*01 ! 

0*67 

0*122 ; 

0*106 


Average 

11*4 

7*42 

1*34 

1*16 1 

0*65 

0*118 

0*102 

Co 290 . 

1933-34 

^ 25*2 

16*3 

2*82 

2*43 i 

0*65 

0*112 

0*097 


1934-35 

i 20-9 

14*4 

2*48 

2*06 1 

1 0*69 

; 0*119 

0*099 


1935-36 

1 24*0 

15*8 

3*11 

2*66 

1 0*66 

0*130 

0*110 


1936-37 

19*0 

13*0 

2*44 1 

2*14 

1 0*69 

0*128 

0*113 


Average 

1 

14*8 

2;76 1 

2*36 

i 0*65 ; 

0*120 

0*103 

Co 312 . 

1933-34 

17*6 

11*7 

1*83 

1*55 

1 0*65 

0*104 

0*088 


1935-36 

25*6 

17*3 

3*35 

2-93 

I 0*68 

0*131 

0*115 


1936-37 

30*2 

, 20*4 

3*87 

3*38 

0*68 

0*128 

0*112 


Average 

24*5 

16*3 

2*97 

2*57 

0*67 

0*121 

0*105 

Co 213 . 

1933-34 

, 12*9 

8*02 

1*28 

1*08 

0*062 

0*099 

0*084 


1934-35 

8*8 

5*60 

0*097 

0*083 

0*064 

0*110 

0*094 


Average 

10*9 

6*86 

1*14 

0*097 

0*063 

0*105 

0*089 


Co 213 . 
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Table XIX 

Comvosition of juice from different varieties of carm-average of four years 

[Multan District) 


Per cent on cane of 


Weight 

of 

stripped 
cane in 
tons 
per 
acre 


Purity 

coeffi- 

cient 


Glucose 

ratio 


Variety of cane 


Glucose 


Total 

solids 


J nice 


Katha 


Ponda 


Co 205 


Co 223 


Co 285 


Co 290 


Co 312 


Co 213 


Average of Coimba- 
tore canes. 
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Table XX 

Period of ripeness for different varieties of sugarcane {Multan District) 


Varieties of cane 


Year 

Katha 

Ponda 

Co 205 

Co 223 

Co 285 

Co 290 

Co 312 

Co 281 

Co 213 

1033-34 . 


11/12 

to 

6/2 

6/12 

to 

23/3 

9/12 

to 

1/4 

16/12 

to 

25/3 

11/12 

to 

8/4 

6/12 

to 

18/S 

6/12 

to 

8/3 

... 

1934-35 .... 

28/11 

to 

17/4 

11/12 

to 

19/3 

22/12 

to 

6/4 

18/12 

to 

18/3 

9/12 

to 

2/4 

27/11 

to 

5/3 


3/12 

to 

8/4 

3/12 

to 

11/3 

1935-36 .... 

19/11 

to 

1/4 

! 

8/1 
to i 
1/4 : 

- 1/12 
to 
26/3 

1/12 

to 

8/4 

26/11 

to 

24/3 

26/11 

to 

7/4 

1 

... i 


1936-37 . . . . 1 

24/10 

I to 

4/4 


1 

23/11 

to 

3/4 

S/ll 

to 

4/4 

23/11 

to 

3/4 

23/11 ; 
' to i 
3/4 

j 

... 

Average period of optimum 
ripeness. i 

13/11 

to 

7/4 

11/12 i 

to 1 
26/2 1 

22/12 

to 

31/3 1 

1 i 

5/12 

to 

27/3 

1/12 

to 

2/4 

29/11 

to 

26/3 

28/11 1 
to 
30/3 

i 

i 5/12 

1 to 
! 24/3 

3/12 

to 

11/3 


Table XXI 


Locality 

Stripped can© in tons per 
acre 

Sucrose in tons per acre 


Local 

Coimbatore 

Local 

! Coimbatore 

1 

Rohtak-Karnai 

24*6 

26*7 

1*83 

2*36 

Jullundiir-Hoshiarpur . 

17-3 

24*1 

1*57 

2*62 

G urdaspiir-Siaikot 

11*2 

19*6 

1*04 

1*96 

Lahore 

8*7 

18*7 

0*80 

1*76 

Montgomery 

13*0 

I 19*1 

1*30 

1*93 

Miiltan .... 

14*4 

19*1 

1*45 

1*76 

Lyallptir . . . <* j 

12 -8 

18-3 

1*35 

1*72 

Sheikhtiptira 

16*0 

22*9 

1*44 ' 

2*36 
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Table XXII 

Period of ripeness and length of crushing season {in days) for different varieties 
of cane in different parts of the Punjab 


Eohtak 

and 

Kamal 


Multan 


Jullun- 

dur 


Gurdas- 

pur 


Mont- 

gomery 


Shei- 

kliupura 


Lahore 


Varieties 


21/11 
to 8/3 
(108 days) 


Katha 


11/12 
to 26/2 
(78 days) 


Fonda 


15/1 
to 21/3 
66 (days) 


22/11 
to 23/3 
(122 days) 


to 29/3 
(119 days) 


30/12 
• to 10/4 
(102 days) 


20/11 4/12 

to 6/4 to 6/4 
(128 days) (124 days) 


3/12 
to 24/3 
(112 days) 


5/11 
to 7/4 
(154 days) 
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Table XXIII 


Area (in acres) under sugarcane in the Punjab 


District 

1933-34 

1934-35 

1935-36 

1936-37 

Hissar . . , ■ . 

1,077 

758 

1,272 

2,678 

Rolitak .... 

32,053 

31,412 

29,575 

38,167 

Giirgaon .... 

7,312 

9,805 

11,718 

13,921 

Kamal . . . ' . 

25,795 

25,095 

30,463 

■ 37,929 

Ainbala .... 

22,370 

24,490 

28,285 

29,832 

Simla ..... 

. . 


. ,■ 


Kangra .... 

4,301 

4,317 

4,535 

5,284 

Hoshiarpur .... 

28,461 

27,738 

28,216 

30,523 

Julimidixr .... 

30,068 

34,424 

35,252 

39,252 

Ludhiana .... 

14,182 

14,777 

17,314 

21,020 

Ferozepur .... 

7,433 

6,097 

9,024 

15,812 

Lahore .... 

18,583 

16,617 

19,813 

28,220 

Amritsar .... 

28,724 

30,032 

28,732 

29,989 

Gurdaspnr .... 

54,220 

55,079 

53,807 

63,934 

Sialkot .... 

37,258 

37,606 

36,386 

43,019 

Gujranwala .... 

27,519 

28,010 

27,058 

29,888 

Sheikhnpura . * . 

21,790 

18,270 

16,440 

20,493 

Gujrat ..... 

15,775 

15,438 

11,459 

12,500 

Shahpm* 

9,538 

8,266 

6,860 

7,168 

Jhelum .... 

236 

311 

226 

207 

Rawalpindi .... 

98 

97 

114 

97 

Attock . 

497 

517 

721 

990 

Mianwali .... 

95 

47 

71 

130 

Montgomery .... 

13,545 

11,378 

12,913 

; 14,498 

Lyallpm* .... 

41,675 

42,635 

40,918 

41,281 

Jhang ..... 

3,699 

4,378 

3,788 

3,292 

Multan .... 

12,178 

9,752 

12,419 

14,892 

Muzaffargarh 

7,304 

4,958 

6,631 

1 9,123 

D. G. Khan .... 

205 

138 

190 

419 

1 

Graito total 

4,65,991 

4,62,442 

4,74,200 

1 5,64,348 
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I. Introduction 


A VIGOROUS and uniform germination is very important from the stand- 
point of the practical agriculturist, who, in the absence of the knowledge of 
the conditions for good germination, always uses a large seed rate as a pre- 
caution against low germination, and thus the material, which could be utilised 
for either gul or sugar making, is wasted to a very great extent. In the Deccan- 
Canal tract, the common practice was to use such a large number as 54,000 
eye-buds per acre. Some field experimental work was, therefore, carried out 
at Manjri on the proper method of planting, and as a result the Bombay 
Department of Agriculture [ Anonymous, 1915 ] has recommended about 
50 per cent reduction in the number of setts required for the purpose. The 
authors during their first year's physiological investigations, however, observed 
not only a great d eal of variability in the germinative capacity of the 
^ This scheme is partly subsidised by the Imperial Council of Agriciiltuy^l 
Besearcb. 

( 423 ) 
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eye-liiids from variety to variety, but even in the same variety if planted at 
different places and different seasons. This required thorough investigations 
and the work described in this paper forms a part of these studies. 


II. Historical 


It is not proposed to go into a detailed historical survey of all the litera- 
ture on this subject. Only salient features will be touched. Tempany 
[ 1924 ] observes that the young shoot is entirely dependent on the parent 
stem for nutriment until, the fifth week and is capable of drawing from the 
reserves of food in the portions of the stem, both above and below the node 
to which the particular eye-bud is attached. Bonazii [ 1928 ], on the other 
hand, states that as the vascular bundles entering a bud are traceable to the 
internodes immediately below the bud, the young shoot can get its nourish- 
ment from that internode only and therefore the lower bud of the piece would 
find at its disposal only a smaller quantity of reserve material than the others. 
In the case of two eye-bud setts there is thus a tendency according to him 
for the upper bud to develop more than the other. Venkatraman [ 1926 ] 
found that removing the reserve tissue from the immediate vicinity of un- 
germinated cane buds (either by splitting, sectioning, ringing or by removing 
pith in a seed piece) caused these to germinate much more slowly than un- 
treated buds, showing thereby that germination is to a certain extent de- 
pendent upon the presence of reserve material in the seed piece. According 
to him the ordinary three-budded cane setts contain enough plant., food to 
keep the plant going for at least six weeks. 

As regards the chemical processes involved during germination, Tempany 
[ 1924 ] maintains that the storage of sucrose in the stem of the sugarcane is 
a definite provision for the propagation of the plant by means of shoots from 
the eye-buds, and in case any inversion takes place as a prelude to metabolism, 
the reducing sugars formed are used up as fast as they are produced without 
resulting in any increase in its content. Bonazii [ 1928 ] finds that the ger- 
minability of cane buds is directly correlated with water and glucose content 
of the meristematic tissues of the eye-buds, whereas it bears an inverse corre- 
lation to the osmotic pressure of the juices circulating in these. According 
to him the gradients of germination are concomitant with and resulting 
from accumulation in the juices of the meristematic tissues of high osmotic 
pressure,|/Brom these conclusions he recommends that the selection of canes 
for vegetative growth is to be done on the basis of individual canes and not 
on the basis of buds and that seed pieces from the " upper mature ’ portions 
of a cane Which have a more precocious development should therefore obtain 
preference in field planting. Venkatraman [ 1929] has found quick and 
vigorous germination in the unripe portions of the cane and he therefore 
recommends the planting of unripe canes or unripe portions of canes to get 
good germination. Evans [ 1936 ] has shown a correlation of — 0-62 ±0*097 
between the reducing sugar content and the number of days required for 
germination ; indicating the desirability of the selection of theplanting material 
with a high content of reducing sugar. 
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Methods of soaking setts in water and other chemicals before planting 
have been tried mth success in Porto Rico [May, 1927], Manritins [Evans, 
1936] and India [Khanna, 1934]. Among the various treatments soaking 
' in lime or lime and magnesia has given significantly higher jnelds. This is 
explained by the fact that cuttings absorb more water from a lime solution 
than from pure water. 

III. Methods 
Botanical 

C (1) Total height— This is measured by the Kamerling’s method [ 1904] 

which consists of taking the height from the ground level up to the highest 
visible transverse leaf mark. A fiat headed peg is buried to the level of the 
ground from which all periodical measurements are done in order to avoid 
? the effect of fiuctuations in the ground level due to irrigation, interoulturing, 

; etc. 

(2) Height of millable canes . — ^In the flowering varieties like P 0 J 2878, 

’ there is a rapid elongation of the shoot mainly serving as a fore-ruimer to 

flowering, which being not important from the economic aspect as contributory 
to the height of the millable cane, thus tends to create an erroneous con- 
ception about the effect of the treatment. This rapid elongation starts much 
earlier than the emergence of the flag leaf and as it depends on the stage of 
the growth of the cane even in the same plot, the figures of the measurement 
of the total height at this period show a great deal of variation between plant 
I** to plant requiring a very large number of samples to get an accurate estimate. 

I A modified method to measure the height of the millable cane on the standing 

I crop itself without disturbing its leaves is therefore introduced. It has been 

J observed that when once the internode attains its maximum development, 

the leaf sheath which till now swathes it tightly shows a distinct tendency to 
separate from it. This can be readily judged by gently giving a pull to the 
I leaf blade by holding it near the collar mark. The height of the millable 

i cane thus refers to the height up to the transverse mark of the topmost leaf 

I sheath which can be easily separated from the cane by gently pulling the 

: leaf blade. Its comparison with that of the harvested millable cane showed 

close approximation within five per cent. The method with the complete 
data will be described in detail in a separate publication. 

(«3) Circumference . — This is measured with a cloth tape at the centre of 
* the middle interr ode of the miUable cane. The alternative method of measm- 

ing the diameter of the cane by callipers is not followed as, the cane being 
not perfectly cylindrical, it was found essential to take at least two measure- 
ments at right angles to each other at some specific point and when once the 
cane is lodged this was found to be very difficult and time-consuming. The 
measurement of the circumference wdth the cloth tape which can be passed 
round the internode very easily without the necessity of handling the cane 
is found to give as accurate results without the disadvantages of the calliper 
method mentioned above and is therefore adopted throughout. 

(4) Leaf area . — -As the determination of the exact leaf area is rather a 
laborious process, this is represented by the length and width of the leaf. 


IT 




THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, HI 


Onlv fresh, fully exposed leaf is taken for measurement per each plant as it is 
considered’to give a true estimate of the effect of the treatment. The length 
is measured from the collar or throat mark to the tip of the leaf hlade, while 
the width is taken at the centre of this total length. 

Except as otherwise stated, thirty-six plants per treatment selected at 
random were taken for all these botanical observations. 

Chemical 

(1) Glucose.— This is estimated in the juice by the methylene blue method 
of Lane and Eynon [ 1923 ]. 

(2) Amide nitrogen.— The method of YiekeTj and Pucher [ 1931 ] of 
preliminary boiling the juice with sulphuric acid is followed. It is then 
neutralised with sodium caihonate and distilled with magnesia as usuaL 


IV. ExPEFvIMENTAL 

A. Relation of germination to the climatic factors 

In the Deccan-canal tract, the plant cane is normally planted from 
mid-January to mid-March while ‘ Adsali ’ (18 nionths^ crop) is planted 
from mid-June to mid-August. With the introduction of the new promising 
Coimbatore varieties, the method of early planting — mid-October onwards — 
is also coming into vogue. A great deal of variation has been observed both 
in the rapidity of germination as well as in the final percentage germination 
in these different plantings. Apparently this seems to be due to the differences 
in the temperatures during this period and it is felt therefore essential to 
find out the optimum temperatures so as to adjust the planting time 
accordingly. 

This problem of the influence of climate is, however, complicated by the 
fact that sugarcane is propagated by setts which are found to differ greatly 
in the chemical composition according to their period of growth, previous 
treatment as well as the season prevalent at the time of planting. Under 
such circumstances the most conclusive experimental technique would have 
been to run these experiments all at one time with the same planting material 
but with varying treatments of controlled temperatures. This, however, 
involved large outlay and was not found to be practicable. Attempts have 
been therefore made to elucidate this problem by field experiments supple- 
mented by laboratory investigations. For this purpose special plantings 
were done in six replicated rows at different periods from mid-November 
to end of February during the last two years and quantitative data on periodi- 
cal germination and atmospheric as well as soil temperatures (four days counts) 
were collected. In one series the planting material was obtained from the 
same treatment throughout, while in another the effect of different manurial 
treatments was also tested. In all cases, however, the planting material 
was analysed for amide nitrogen and glucose — the important food consti- 
tuents in the metabolism of the germinating bud. The results of only one 
the series are given in Table I, with only three weeks germination and 
average atmospheric temperatures during this period. 




Total germination per cent (10 weeks) . , 61 • 


SUGARCANE PHYSIOLOGY IN THE BEGOAN-CANAL TRACT, I 420 

As the germination generally takes from 6 to 8 weeks for its completion, 
the figures for three weeks germination are expected to give a very good 
idea about rapidity which, as would be shown later, also influences the total 
germination. The comparison of these figures with the chemical constituents 
brings out clearly the influence of the climate. While with the advanced age 
of the planting material, there is a tendency towards the fall in the assimilable 
food reserves especially glucose (cols. 8 to 11), there is a significant increase 
in the germination percentage which can be attributed only to the rise in the 
minimum temperatures. The inhibitory effect of the minimum temperatures 
below 50°F. is also evident. 

In order to further differentiate between the relative importance of the 
temperatures and chemical constituents, these data have*: been put to the 
statistical test of correlation. It would be seen that there is a high correla- 
tion with the minimum temperatures (+0-72 ±0-037) while none has been 
obtained with amide N ( + 0*31±0*067) or with glucose (+0-03±0*074). 

It must, however, be emphasised here that this lack of correlation should 
not be interpreted as non-influence of the chemical constituents on germina- 
tion. It only clearly brings out the predominating influence of the tempera- 
tures. As would be shown later, there is a distinct variability in the germi- 
nation according to the previous treatment of the planting material even 
when planted under the same conditions of temperature, and under these 
circumstances the influence of the chemical nature of the material would be 
quite apparent. 

The advantages of the speed of germination are two-fold. It leads to 
the increase m the total germination. This is very well illustrated in Table 
II, which gives the comparative results of germination in a large-scale ex- 
periment for two years, one of which has experienced low temperatures. 

The material for planting used in both the years had received exactly 
the same previous treatment and was of the same age, the planting time 
being mid-January in both the cases. No analysis of the material was carried 
out, but under these circumstances there would be no great variation in its 
chemical composition. The slow rate of germination in the first three weeks 
during the season of 1934 is therefore due to the low temperatures prevalent 
during the period. During this season, some of the buds sprouted even 
after eight weeks — ^the normal period required for complete germination. 
The total germination even after ten weeks has, however, been much less. 
The influence of the rapidity on the final success in germination is also evident 
from Figs. 1 and 2. 
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The inspection of the crop has shown that shoots of early germinated 
buds are generally vigorous and are thus capable of withstanding the borer 
attack to a great extent. Attempts were further made during the season of 
^1935 to find out whether this vigour is continued throughout the growing 
period. For this purpose it was proposed to label ninety shoots from each of 
those germinated within three, six and eight weeks from two varieties and 
record their periodical growth by botanical observations. In the case of 
eight weeks, only about half the number of plants was available at start due 
to quick germination during this season and this was further greatly reduced 
by the borer attack, so that by August the observations in this case had to 
be dropped due to the availabihty of very few number of plants. The results 
are given in Table III. 

Table III 


Developmental studies 

{Average of 90 labelled plants ; date of planting 19-1-35) 



2 months 
total height 

2 

6 months 
total height 

3 

10 months 

Harvest time 

1 

Height of 
millable 
canes 

4 

1 

Circum- 

ference 

5 

H^eight of 
millable 
canes 

6 

Circnm- 

ference 

7 

Pundia — 

(In.) j 

(In.) 

(In.) 

(In.) 

(In.) 

(In.) 

3 weelis plants 

12*7 ■ 

20-0 

62-9 

4-3 

88-7 

4-6 

6 weeks plants 

11*0 

19-1 

59-6 

4 '8 

83-4 : 

4*4 

POJ 2878— 



72-6 




S weeks plants 

12 ’9 

26-7 

S.9 

94*4 

3*9 

6 weeks plants 

12*0 

25-8 

i 

72-2' 

' r. 

1 

95-1 

3*9 


It would be seen that while there are indications of a better performance 
during early stages in the case of plants germinating within three weeks, 
this advantage is not maintained throughout the growdh period and as a 
result no significant differences are seen at harvest time betvreen these and 
the plants germinating within six wrecks. In the January planting, further 
delay in germination is, however, definitely deleterious specially due to 
intense borer attack. 

jB. Soil — its influence on germination 

The soils of the Deccan-canal tract can be included in the broad group 
of regur or black cotton soil. This is at present being surveyed according 
to the modern method of genetic soil classification by the Soil Physicist of 
the scheme, who has so far identified some eight distinct soil types varying 
in physical and chemical characteristics. It is felt that the system of planting 
in vogue may not be suitable to all the types and would have to be varied 
according to their physical nature. 

The general system of planting prevalent in this tract is to open out 
furrows, irrigate them and after allowing the water to soak for some time, 
press the setts with foot keeping the eye-buds at the sides. Further, short 
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period irrigations called ^ mnbamii^ and ‘ cMmbavni ^ are given at iiiter¥als 
of four to five days after which regular irrigation at ten days interval starts. 
There is thus no dearth of moisture to tlie sett tliroiiglioiit its gerniinative 
period. One of the essentials for successful germination is found to be, 
i however, not to plant them too deep in the soil. Planting to a depth of one 

to two inches is found to be most suitable in all the seasons while during 
favourable temperatures, surface planting, i,e., planting in flush with the 
surface of the soil leads to a greater rapidity in germination. In the case of 
I the occurrence of low temperatures, however, there is the risk of the damage 

to the tender eye-buds due to shrivelling in the latter method. 

During the first year (1933) of our experiment in the heavy soil, it was 
found that in this soil this method of planting leads to the placing of the 
setts at a much lower depth than is essential for good germination. The 
very low germination (50 per cent) obtained during this year in spite of 
favourable temperatures was actually traced to this fact by digging out the 
ungerminated setts and measuring the depth at which they were lying. It has 
been observed that after heavy irrigation or rain, such soils get puddled 
and soft and in walking over them the foot sinks easily into the soil. There is 
thus always the risk of deep planting by this method which would require 
a very careful manipulation in pressing the setts. Pressing the setts down 
into the soil by the hand instead of the usual method of pressing down by 
foot leads to some improvement ; but the most suitable system is found to 
» be the dry planting method, in which case the setts are placed in position in the 

furrows with just sufficient dry soil to cover them. The furrows are then 
irrigated with a very slow flow of water in order to minimise the accumulation of 
soil on the surface. Such slow irrigations will have to be continued 
for the first three or four irrigations till the soil at the sides of the furrows 
settles down, after which the system of normal irrigation may be followed. 
It has given 60 per cent success during unfavourable temperatures of 1934, 
while under normal conditions about 70 to 80 per cent germination has been 
obtained. The method also enables efficient supervision on the workmen, 
as the whole process is capable of inspection without any damage to the 
sett, and in case of its deeper placing, the mistake can be immediately recti- 
fied before irrigation. The Imperial Sugarcane Breeding Station at Coim- 
batore has now evolved some varieties capable of thriving in soils having bad 
tilth (chopanised soil). The main difficulty is, however, to get the eye-buds to 
germinate in these soils. With the adoption of this method of planting, 
however, the Agricultural Section has been able to secure a very good ger- 
mination with these varieties. 

It has been also observed that in the usual method of planting there 
is a possibility of deeper embedding of the setts in other soils as well, mainly 
due to carelessness or ignorance on the part of the workmen. In such 
cases, however, skipping off one or two irrigations has resulted in great im- 
provement. In fact, it has been our experience that the reduction in the 
number of irrigational turns helps in accelerating the rate of germination 
and the second short period irrigation {chimbavni) is entirely superfluous, 
while even the first {ambavni) should be dropped in case there is not much 
cracking of the $oil after initial soaking, 

I 



G, Eye-buds — influence of their morphological characteristics on germination 

According to Earle [ 1928 ], morphological bud characters are less variable 
and less dependent on growth conditions than any other part of the cane 
plant and can be mainly depended upon for recognising the varieties. It 
was therefore felt that the variability in the rate of germination among the 
varieties even under the optimum environmental condition of soil and climate 
described above might be due to the inherent differences in these bud charac- 
ters of the varieties themselves. A careful examination of the buds was, 
therefore, undertaken as regards their size, shape and the position of the 
point of germination in relation to their germinative capacity. The results, 
however, did not show any correlation with the differences in these charac- 
ters. Even in the same cane, the variability observed in the size and shape 
of the eye-buds at different positions has not been found to influence their 
power of germination in any way. It was, however, found that the rapidity 
of germination in the different varieties is greatly affected by one important 
factor, viz., the presence of dry scale leaves on the buds. The proportion 
of such buds vary considerably from variety to variety. Further they are 
found all along the cane although their number is greater in the bottom 
portion which is known to be very slow in germination. The cause of the 
drying of the scale leaves of the eye-buds is not exactly known. This process 
of drying progresses from outwards and buds with a varying number of dry 
scales are met with on the same cane. In extreme cases only, when the 
drying extends to the growing point, the bud sometimes presents a shrivelled 
appearance or becomes soft to the touch with the complete cessation of its 
activity. During the selection of planting material, such eye-buds are in- 
variably eliminated. In other cases, in which the drying is only in the 
superficial leaves, the buds otherwise retain their healthy appearance and 
are quite capable of germination, and the general practice in this tract is to 
include them in the planting material. In future discussions such buds are 
termed, for the sake of convenience, dry-scaled buds, while buds with all the 
scales green are called green-scaled ones. 

The observation about the retardation in the rate of germination due 
to the drying of the scale leaves is quantitatively tested by two types of 
field experiments. In the first one the germinative capacity of dry-scaled 
buds and its influence on the development of the crop and yield have been 
compared with those of the green ones. For this purpose, these two types 
of buds were separated from the whole cane — about twelve months old— and 
were planted in different rows. Their periodical germination is illustrated in 
Fig. 1. A definite decline in the rate of germination is evident in the case of 
dry-sealed eye-buds which is also reflected in their total germination. In the 
case of the green-scaled buds the columns bring out an interesting fact that 
with the application of sulphate of ammonia at the time of planting, the 
figures for the total germination are almost similar and thus by this method of 
selection and treatment, the variation in the germinative capacity between 
the varieties wiU be greatly minimised. The data about the deTelopment 
of the crop and cane yields are given in Table IV. 
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Except in Co 360, the falling off in germination in the case of dry-scaled 
hnds has influenced the yields, although due to greater tillering (columns 3 
and 10) as a result of more available space, the deleterious effect of the low 
germination is reduced to some extent. 

In the other experiment, the dry-scaled buds were entirely left out of 
the planting material. The experiment was conducted with two varieties- — 
Pundia and P 0 J 2878 — and the method consisted of dividing the individual 
canes (of the same age as used in the previous experiment) in three equal 
portions from each of which three-budded setts possessing green scales only 
were selected as planting material. The germination counts are taken every 
four days after the first fortnight from planting and these are plotted in 
Fig. 2. There is a distinct fall in the rapidity of germination of the buds 
from both bottom and middle portions when compared to that of the buds 
in the top portion. By the time of the completion of the germination how- 
ever, a close agreement is seen between the curves for middle and top portions 
while that for the bottom one shows slightly lower trend. This difference 
between the germinative capacity of the three portions of the cane does no 
doubt indicate that there are other influencing factors besides the morpho- 
logical characteristics of the buds ; but when the curves for these different 
portions are compared with those for the general method of planting (plotted 
in addition under sulphate of ammonia at three weeks ” from the figures 
of the adjoining plot) in which three -budded setts from the whole cane are 
utilised for planting without the elimination of dry-scaled buds, significant 
improvement in the rapidity of germination is evidenced by this method of 
selection even in the basal portion. Further development of the crop and 
yield data have also shown that this slight decrease in germination in the 
basal portion is apparently obliterated during the period of growth (Table V) 
and it is thus quite evident that by this method of selection of eye-buds, good 

germination and yield can be secured, whatever may be their position on the 
cane itself. 
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Table V 


Periodical germination and harvest time data of bottom, middle and top setts 
{Averages of 3 replicated rows with 35 three-budded setts each row) 



Germination per 

cent 


Harvest time ■ 

data 


Treatment 

Three 

weeks 

Six 

weeks 

Eight 

weeks 

Height of 
millahle 
cane 

Circum- 

ference 

No. of 
canes 
per 

3 ft. 

Weight 
per cane 

Brix 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P 0 J 2878— 




(in.) 

(in.) 


(lbs.) 


Sulphate of am- 
monia at start— 









Bottom 

27-3 

73-0 

82-8 

96*4 

3*8 

8*2 

3*2 

21*47 

Middle 

44-4 

76*0 

86-9 

98*8 

3*9 

8*0 

3*0 

21*72 

Top 

48-2 

83-0 

91-4 

99*7 

3*9 

8*7 

2*8 

21*69 

Sulphate of am- 
monia at 3 
weeks — 









Bottom 

29-8 

75*0 

78-1 

94*1 

3*7 

7*8 

3*3 

21*72 

Middle 

29*6 

74-0 

81*2 

94*4 

3*95 

8*0 

3*2 

21*22 

Top 

41*6 

79*0 

82-5 

88*2 

3*9 

8*9 

3-3 

20*72 

Tundia — 









Sulphate of 
ammonia at 
Start- 









Bottom 

36-2 

68 -5 

73-0 

88*7 

4*7 

5*3 

4*0 

17*70 

Middle 

42-5 

47-5 

84-4 

84*4 

4*2 

7*6 

3*8 

17*97 

Top 

64-1 

85-0 

88*9 

90*5 

4*3 

5*1 

4*0 

17*70 

Sulphate of 
ammonia at 3 
■ ■ weeks— ^ 



i 






Bottom 

26*6 

64-0 

73*0 

86*0 

4*3 

4*4 

4*3 

18*22 

Middle 

46-3 

75-5 

83*8 

78*3 

4*6 

6*5 

3*7 

18*15 . 

Top 

47*6 

74-0 

83*2 

86*8 

4-7 

6*4 

4*2 

18*40 

i 


In order to find out the ratios of dry -sealed buds to green-scaled ones in 
the different varieties, a number of canes twelve months old, under the same 
treatment were examined for a few varieties. For this purpose individual 
canes were divided into three equal portions, on each of which separate counts 
were taken. The results are given in Table VI and are the mean values of 
50 randomly selected canes. 
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Table VI 

Per cent ratio of green and dry-scaled buds 
Percentages are calculated from the mean values of 50 randomly selected canes 



Bottom 

one-third 

Middle 

one-third 

Top 

one-third 

Total 

Variety 

Green 

Dry 

Green 

Dry 

Green 

Dry 

Green 

Dry 

1 

2 1 

3 

4 

6 

6 

7 

8 

9 

Co 419 . 

67 '9 

42-3 

85*6 

14*6 

95*9 

4*1 

1 

79*8 

20*3 

Pundia 

48-6 

61-5 

84*2 

16*8 

99*2 

0*8 

77-3 

22*7 

Co 360 . 

72-6 

27 ‘4 

88*3 

11*7 

96*0 

’ 4*0 

85*6 

14*4 

HM 320 . 

16-0 

84*0 

46*6 

54*6 

77*3 

22*7 

46*3 

63*7 

P 0 J 2878 

39-0 

61-0 

84*4 

15*6 

97*9 

2*1 

78*8 

26*2 

E K 28 . . 

8*7 

1 

91-3 

36*3 

63*7 

t 

63*3 

36*7 

36*1 

63*9 


It would be seen that the basal portion contains the largest number 
of dry-scaled buds and the top portion the least in all the varieties. Among 
the varieties, E K 28 possesses the largest number of dry-scaled buds and 
this variety is known to give very low germination. The experimental evi- 
dence about the deleterious effect of dry-scaled buds adduced above thus 
conclusively demonstrates that a great deal of variability in the germinative 
capacity among the varieties can be reduced by the elimination of dry-scaled 
buds as the di&rent proportions of these buds seem to be the main cause for 
this variation. Further with the application of sulphate of ammonia at the 
time of planting to green-scaled buds uniform germination is secured (Fig. 1) 
in all the varieties tested. This information about the selection of the eye- 
buds would therefore be very important from the standpoint of the practical 
agriculturist, who, because of the variable germination that he is at present 
getting from the different varieties is perplexed as to the number of setts 
he should plant. 

It has already been stated that except for a few dry scale leaves, the buds 
otherwise exhibit outwardly quite a healthy appearance and are capable of 
germination. What are then the physiological changes which bring about 
this retardation in the rate of germination ? One of the effects of the presence 
of the dry scale leaves is found to be the reduction in the water content of the 
buds. Dry-scaled eye-buds from twelve months old crop under the same 
treatment were analysed for their moisture content in comparison with the 
green-scaled ones. Table VII gives the average figure of four independent 
determinations in each variety. 
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Table VII 

Moisture content of green and dry scaled eye-buds 


{Average of four mdependent determinations on ten buds per each determination) 


Variety 

1 

Eye-buds 

2 

Percentage moisture’^ 

1 

After 

Original soaking 

for 24 hours 

3 4 

^ Absorption 

5 

1 P 0 J 2878 

Green . 

69*5±0-68 

80-7 

11*2 


Dry 

60-3±2-ll 

76*2 

15*9 

2 Pundia 

Green . 

71-3±1-34 

79*1 

7*8 


Dry . 

66*0±0-99 

76*0 

10*0 

3 Co 419 . . . ' 

Green . 

81-9±0-95 

82*7 

0*8 


Dry . 

75 -Si 1-30 . 

78*1 

2*4 

4 Co 413 . . 

Green . 

81*1±1-31 

83*1 

2*0 


Dry . 

76-l±2-12 

78*8 

2*7. 

5 Co 360 

Green . 

84 •8± 1*47 

85*0 

0*2 


Dry 

76*l±0-95 

77*9 

1*8 


* While the determinations of the moisture content of both types of buds per 
variety were made at the same time the varieties were taken at two periods due to 
the non-availability of all the varieties at the same period. Thus the determinations 
for the varieties 1 and 2 were done in March, while those for the rest were done in Sep- 
temper 1937. The h'gher moisture content in the latter is due to this. 

It will be seen that in aU the varieties there is a definite lowering of the 
moisture content in the dry-scaled buds in comparison with that of the green- 
scaled ones. Further studies on the absorption of moisture after soaking 
for twenty-four hours have shown that the dry -scaled buds are capable of 
absorbing water rapidly (Table VII, columns 4 and 5). Interesting differences 
between the two types of buds are, however, found from their microscopic 
examination. In the green-scaled ones, there is a slight swelling of the scales 
after soaking thus facilitating their easy separation. In the other case no 
change has been observed due to soaking, the dry scales remaining sticking 
to the inner scale leaves as tightly as in their original condition. Bonazii 
[ 1928] has maintained that the germinability of cane buds is directly cor- 
related with water and glucose content of the meristematic tissues of the 
eye-buds. As will be shown later, no correlation of glucose with the germi- 
native capacity of the buds has been observed by us under the conditions of 
pur experiment. As the dry-scaled buds are found to be capable of absorbing 
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A¥ater very rapidly, this should not be also a limiting factor under the condi- 
tions of iirigation. We are therefore inclined to the view that the delay in 
germination in the case of dry-scaled buds is either mainly due to the mecha- 
nical obstruction to the emergence of the growing point or to the retardation 
of gases to or from it. The removal of dry-scale leaves from such buds by 
careful teasing with needles has in fact resulted in the acceleration in the 
rate of germination (Table VIII). 

Table VIII 

Effect of the removal of dry-scale leaves of buds on germination 

{Average of 2 replicates with 27 eye-buds in each - Variety — P 0 J 2878 ; germina- 
tion per cent) 


Days after planting 


Kinds of buds planted 

16 

20 

24 

28 

32 

36 

40 

44 

48 

With dry scales 

0 

0 

0 

111 

13-0 

18*5 

27*7 

1 

27-7 

48*1 

With dry scales re- 
moved 

0 

1*9 

8-1 

18'5 

31*5 j 

J 

35*2 

i 

' 38-9 j 

38-9 

51*9 


In the Deccan-canal tract the whole cane is used as planting material 
and usually these canes are taken from the ordinary plantation without 
maintaining special nurseries for the same. The ratio of dry -scaled to green- 
scaled buds given in Table VI shows that in some of the varieties, the propor- 
tion of dry-scaled buds is very great and their elimination may not be thus 
practicable. The improvement in their germinative capacity by the removal 
of dry-scale leaves suggested a possible solution ; but the method is too labo- 
rious requiring careful manipulation and will be thus impracticable. In- 
vestigations are in progress to find out a suitable method for the utilisation 
of such buds and these will be dealt with in a later publication. 

D. Type of the sett — its influence on germinatior. 

The general practice in this tract is to utilise three-budded setts for plant- 
ing. It was felt, however, that with the above knowledge about the selection 
of eye-buds there would be a greater possibility of rigid selection if these 
were substituted with the single-budded setts as the planting material. Kul- 
karni [1918 ] has in fact shown a very high germination in the case of single- 
budded setts in comparison with the three-budded ones. His method of 
planting, however, differed in both the cases, the former being planted with 
the bud upwards, while in the case of the latter, the buds were kept sidewards. 
Even with the sideward method of planting in both the cases, we have observed 
a higher rate of germination in the single-budded setts. These figures are 
represented in Eig. 3. The better performance in the single-budded sett 
is considered to be mainly due to the possibility of its better selection. The 
low temperatures experienced during the season of 1934 have affected the 
germination of this year in the case of Pundia, It is observed that under 
such circumstances single-budded setts are likely to be damaged by these 
temperatures much more quickly than the three-budded setts. 
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Inspection of the crop in both the series, however, showed the plants 
from the single eye-bud setts to be not so vigorous as in the case of the three 
eye-bud setts. These were invariably thinner with less height and the leaves 
appeared to be narrower than in the other case. This eifect was very pro- 
nounced during the early stages of growth — for four to five months from plant- 
ing but was hardly visible at a later stage — about a month after earthing up. 
A special experiment was therefore laid out to test this quantitatively with one 
variety— P 0 J 2878 only— under four manmial doses varying from 225 to 
600 lbs. nitrogen. The crop was harvested periodically, seven 3-feet 
strips being cut at each period and weighed separately. For this purpose, 
the two end rows and 4-feet on either side of the intermediate rows were 
excluded from sampling in order to avoid the border effect. The remaining 
lengths of the rows were then divided into 3-feet strips from which only 
alternate strips were utilised for sampling by random selection. By this 
method there was no possibility of any of the selected strips abutting on the 
previously sampled one. The results of variation in yield are as follows. 

Table IX 


226 N . 
300 N . 
450 N . 


Single eye-buds vs. three eye-buds 
{Variety, P 0 J 2878) 


Per cent variation in yield of single eye-buds 
from three eye-buds 
(Average of seven 3 -feet strips) 


Treatments 


July 

October 

Harvest time 

■— 65*8 

—30*0 

, „ —16*2, 

—68 •4'"' 

— 45*1 ' 

—16*0 

—41 *7 

—18*8 

+ 18*4 , 

— 24*7 

—28*2 

—14*1 


600 N 
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would be seen that there is a definite lowering of the physioloeioal 
performance throughout the earher stages of the life-cycle of tL St S 
case of sixigle eye-bud sett. Due to controlled conditions of irrigation and 
manuring these Jfferenees are, however, greatly minimised with the promess 
J ^ K ^ in the higher nitrogenous treatments. The higher yields 

reported by Kulkarni [1919] in the case of single-budded settraxfdue to Ms 
adopting the artificial method of removing all the tillers as they appeared 
and aUowmg only the mother canes to develop in both the tTeatmenff Sii, 
p evented the other treatment from adjusting by tillerinc^ the fall in the 
number of plants as a result of less germination. ^ 


_ While in the normally cut single-budded setts, the germinative capacity 

Snclhel.r"/ ""T a**’ 

tioS ir,«u Ts ^be toS o' 



Table X 

Ferfoi-mcmce of dose-cut and cn-dinary single-budded setts 
{Average of 112 eye-buds) 


Type of setts planted 

j 

j Germination 

i (per cent) 

1 

1 


At 4 months 

j Three 
weeks 

j 

1 

Six 

weeks 

1 

Eight 

weeks 

Total 

height 

(in.) 

i Length 
; of 

leaves 
: (in.) 

j 

( 

j Breadth 

1 , leaves 

1 (in.) 

!■ 

■ , 

Close cut — 

Single eye-buds . 

16-2 

38-4 

42-3 

14-6 

44-1 

■ 

2 -OS 

Ordinary — 

Single eye-buds . 

1 

1 

20 *4 

63-2 

53-9 

17-4 

46-6 

2‘12 


K 2 
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It is thus quite evident from aU this experimental evidence that the re- 
serve material in the seed piece not only makes a definite contribution to the 
nutrition of the developing plant in the early stages of its growth but even 
exercises an important control on the process of germination. 

E. Chemical basis of germination 

It is a matter of general belief that buds from either immature canes 
or immature portions of canes germinate quicker than those from the mature 
ones, and on this basis canes eight to ten months old are considered as the 
suitable planting material. It has, however, been found that due to the sus- 
ceptibility to the borer attack, the March or April plantings for securmg this 
type of planting material for the January season are not advisable. It would 
thus he necessary to find out a suitable alternative method to overcome this 
difficulty. The differences in the germinative capacity of the different 
portions of the cane, which are very well illustrated in Fig. 1 (already 
discussed in section C) where in spite of careful selection of buds, the rate 
of o-ermination in the bottom portion is lower than in the other two portions, 
suggested the possibility of the chemical composition of the reserve material 
of*the sett as a predominating factor. In order to throw further fight on 
this, three-budded setts from the canes of the same age but under varymg 
nitrogenous treatments were planted in sand, washed free from all soluble 
constituents, so as to entirely eliminate the effect of soil nutrients, ihese 
experiments were repeated at three different periods with the planting ma- 
terial of eight, ten and twelve months of age, the number of eye-buds bemg 
90 per each nitrogenous treatment. As the different plantings have shown 
similar trend in germination, the results of only the last period in which 
the planting material was of twelve months age are demonstrated in lig. /I. 
It is quite evident from the increased rate of germination in the ca.se of the 
planting material obtamed from the higher nitrogenous treatments that the 
age of the planting material should not be the only criterion in its selection. 
From our knowledge of the reserve food materials on the process of germma- 
tion and the initial growth of the shoot as discussed in section D, this varia- 
tion in the rate of germination can be assigned to the differences in the chemical 
composition of the setts themselves. The most important constituents 
from the standpoint of the process of germination are apparently the carbo- 
hydrates and nitrogenous compounds. The carbohydrates are utilised in 
respiration or in other words for the transformation of potential to kinetic 
energy for pushing out the roots in the soil, the shoots above ground and 
carrying out the various activities of the seedlings. Miller [1931 ] in his 
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experiments with snn-fiower seedlings has noted that one-fifth of the carbo- 
hydrates stored in the seed have been consumed for this purpose. Among 
the carbohydrates, hexoses are apparently the sugars utilised in the process, 
glucose being the most oxidisable one among them. Nitrogen is considered 
to be important in the anabolic activities of the growing bud, the lower forms 
of nitrogen being the most suitable for the purpose. In order, therefore, 
to find out the relative influence of carbohydrates and nitrogen on the rapidity 
of germination, the planting material from the series in the sand described 
above was analysed at start for glucose and amide nitrogen and these were 
put to the statistical test of correlation with the three weeks germination which 
was taken as the criterion for its rapidity. The results have given a positive 
correlation with amide nitrogen (+0*71 ±0-063), while no correlation is 
observed with glucose (+0*32+0*115). This lack of correlation with glucose 
would be considered rather surprising as it is against the consensus of opinion, 
which, due to the better j^erformance of the immature canes as the planting 
material, generally associates glucose with the germi native capacity of the 
cane. A quantitative interpretation to this has been given by Evans [ 1936 ] 
who has actually shown a negative correlation ( — 0* 62+0* 097) between 
the reducing sugars and the number of days required for germination. 
He, however, has expressed the opinion that this lelationship does not mean 
that the high reducing sugar is the cause of quick germination but should be 
considered only as a reliable index of the condition of the planting material 
with regard to its germinative capacity. Further light on this question has 
been thrown by the investigations of Das and his co-workers [ 1936] who 
have shown the association of high water content with, high glucose content. 
In our manurial investigations to be described separately, we have also found 
similar relationship, and explanation as regards this disagreement in the cor- 
relations seems to lie in the variation in the conditions under w'-Mcli these 
studies have been carried out. All our germination experiments have been 
conducted under irrigation and therefore moisture is not a controlling factor. 
On the other hand, Evans has worked under dry conditions and the success 
of planting under these conditions will he chiefly dependent upon the 
soil moisture. It will be seen that under such conditions, the w^ater content 
of the sett itself would count. The association of the increased quantity 
of water with the higher glucose content should thus be apparently an import- 
ant factor in the correlation obtained by him. The importance of the water 
content of the sett is also visible from the improved germination he gets 
with soaking of setts in water or lime solution which is contrary to our 
findings. When the sett is soaked, it absorbs water, and therefore does not 
have to depend on the soil moisture to initiate its germination. 
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1 "^"*1 relationship has been observed betu-een the amide nitroo-en 
f ')w content of the cane. There are in fact indications of a tendencv 

( mvaids an increase of this mtrogen in the jnice of the cane with the cessation 
ot the vegetative activ ties (Table 1). The high correlation obseriSun 
nJth^n > influence on the rapidity of germi- 

Tfhe fnn Ltiir f®®® 7 ®^/«^ther confirmation by the favourable effect 
thr,!f % ^f ? of sulphate of animoma in the furrows themselves at the 
time of planting. This results in its absorption through irrigational water 
and the analy^sis of the planting material shotvs an increase in its rntifl^^ 

ITalX^V^^^T 'f ' acceleration of the process of germination . 

of amrn^ x^+P’ . and 2) Repeated field experimentation with sulphate 
of ammonia at the time of planting under varying conditions for three years 
ha.s shown that while there has been almost' invariably some improvement 
P of germination, its influence is found to be significant under unfa- 

vourable conditions of either the seed material, climate or soil. On the other 
hand there appeals to be no necessity of this treatment in the case of the 
•o nbined favourable effect of these factors as the proper seed material the 
presence of optimuni temperatures and the retention good tSh with the 
proper depth of planting. It is thus quite evident tha^tL prlr^ 
for the success of this treatment is the adverse nature of any one or Xe of 

inwltSn"^* which appears to check the enzymic activities le^acUng to the dis^ 
n ej,ration of protein mtrogen in assimilable lower forms. Out of these 

V . Summary and conclusions 
the effect of the cheiical constStuel of 

tures below 50°F. are definitely injurious. ^ ^ mateiial. Tempera- 

be tilmi ‘0 

Secondly the shoots of the early terminated hnd jpercentage germination, 
of witotaoding ae 

method of pressing the sett bv font in + o^ type. While the existing 

lighter soik nlmtSe »fth Z" Z '><’ ““iteWo for 

greatly ""P'o™ ‘l-o gemination 

and thj, Sit ttjoftaarf vaZSmr'rh 

planting material, germination in the varietiea haa bei mS Zre nXm'! 
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/Mtliouo-h sli«-htly higher rate of germination can be obtained m the 

in this case IS poorer m however, greatly minimised 

S specially in the higher nitrogenons treatments. 

tio important chemical constituents required for 

tA\o impoiici^ .yqrl soluble nitrogenous compounds, tlie lattei lias 

=lIl^=xSS iS 

SSon ifa ?i'actical exmiple of the imporianee of mtrogen in germma- 

Hfm.vbedJeaiheben6«cialeW of the application of Bolphateof ainmM 

Sh“1.nro1;ianting n-Mch .a found to be elgnific^t «P«* n-,dec on- 
fwourable conditions of soil, climate or seed matenal. It is thus_ 
trannecial Si areas heavily manured with nitrogenous top dressings and 
thfaSlSatio? of ammonia at planting will help in securing op- 

timum germination. 
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IL ‘ EARTHING UP ’ OF CANE 
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Crop Physiologist, Sugarcane Research Scheme, Pcdegaon, * 

AND 

P. V. WAGLE, M.A6. (Bom.) 

Senior Assistant 

(Received for publication on 26th July 1938) 

(With Plates XIX and XX) 

I. Intboddction 

‘ EARTHiNG-trp ’ or ‘ hilling as it is also called in some countries, 
is an important operation in the cultivation of sugarcane, not only in India 
but in several other cane-growing tracts of the world. In the Deccan-canal 
tract, as also in most other places where sugarcane is grown under irrigation, 
the setts are planted in furrows, which are usually three and a half to four 
feet apart. As the cane plant grows and internodes are being formed above 
the ground level, earthing is done either two or three times or only once after 
five to sis months of planting. In the case of partial earthing, the loose 
soil on the sides of the ridges is gradually put on either side of the growing 
plant by manual labour. The final earthing is generally done by the manual 
labour but can also conveniently be done by Sabul plough fitted with a special 
tail sheet attached to the mould-board for pressing the loose soil against the 
row of cane [ Bom. Dept. Agric., 1929 ] (Plate XIX). Before this operation 
is done, however, all the dry leaves sticking to the canes are removed so as to 
expose the internodes likely to be covered with soil for facilitating the develop- 
ment of fresh roots from them. A heavy dose of nitrogenous top-dressings is 
then applied“in the furrow near the base of the plant, as it becomes very 
difficult to manure the crop later. The Sabul plough breaks open the ridges 
between the furrows which are converted into ridges by getting the earth on 
either side against the canes, turning at the same time the old ridges into 
furrows. 

The extent of this ‘billing’ or earthing-up varies in different tracts. 
In places like Australia [ Venkatraman, 1936 ] and Cuba [ Earle, 1928 ] the 
cane crop is not appreciably earthed up so that by the harvest time the crop 

* This scheme is partly subsidised by the DuFerial Council of Agricultural Research. 


450 


THE INDIAN JOUENAL OE AGEIGULTUEAL SCIENCE [IX, HI 


stands practically on level ground, thus facilitating the harvesting opera- 
tions by means of machinery. In the Deccan-canal tract, on the other hand, 
there is a tendency for a much higher earthing and this operation thus becomes 
very laborious requiring considerable labour and bullock power. The period 
of earthing of the major January-planted crop generally coincides with 
the sowing operations of the dry crops and as the labour is scarce at that time, 
the opeiation becomes costly. It is usually given by contract at the rate 
of Es. 9 to Es. 12 per acre. Although the Deccan-canal tract is known for 
its high tomiage of cane, the cost of production is also very high, being As. 6 
to As. 7 per maund. Attempts are therefore directed towards exploring 
methods which would bring down this high cost and with this object a careful 
study of the process of earthing up was therefore undertaken. 

The main advantage claimed for the process of earthing is its beneficial 
influence on the growth of cane. It is considered that the cutting off the 
cane roots during the process of earthing-up induces a fresh flush of feeding 
roots in the earthed -up zone, and this gives a fillip to the growth of the cane. 
There is, in fact, a consensus of opinion among sugarcane growers that failure 
or delay in this operation results in reduced yield. Incidentally, high earthing- 
up is also considered to give mechanical support to the canes, preventing 
them from lodging and also, to renew the irrigational system by opening up 
fresh furrows. The effect of the earthing-up would thus principally be a 
physiological one and therefore the developmental behaviour of the cane 
plant with and without earthing-up was carefully followed till harvest time. 
The results of these observations are embodied in the paper. 

II. Expeeimental 

(a) Field experiments . — ^These experiments were started on a small 
scale in 1935-36 with the variety POJ 2878. Of the tw^elve small-sized 
plots (0*73 cents each) under observation, six were earthed up and six w^ere 
not. All the other treatments such as manuring, irrigation, etc., were similar 
in both cases. The results are given in Table I. It is interesting to note that 
the results of yields are quite the reverse of the general belief, the tonnage 
being actually higher in the case of the non-earthed plots, which can be attri- 
buted to the larger number of canes in this treatment. In weight per cane 
and in brix, however, there is a fall which seems to be due to the develop- 
ment of late tillers which would have otherwise been smothered up by the 
qperation of earthing-up. 
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Table I 

Earthing vs. non-earthing 

Planted on 19-1-35, Harvest data (POJ 2878), Harvested on 11-1-36 


i 

a» 

i 

1 

} 

Treatment 



No. of 
caness 
per 3 ft. 

1 - 

1 

I Ave.rage 

1 weight 

1 per cane 

j Yield in 
tons per 
acre 

Brix 

@17-6°c% 

1 


i 

1 

i 

lbs. 1 

t 



Eartiling . . ^ ^ ' 

7*5 

1 

i 

3-0 j 

j 

36-8 

20-24 


Non-eartbing 

9-1 1 

! 

2-7 1 

J 

38-9 

19-76 


. Encom'aged by these results the experiment was reputed in repHeated 

nas(po size 1-74 cents) dnrmg the next two years, (1936-37 and 1937-38) 

1 OJ 2878. Records of germmation, tillering at earthing time, periodical 
growth, number and weight of canes at harvest, brLx, sucrose and purity 
were mamtamed durmg both the years. The figures are given in Table II. 

These figures clearly show that the germination as weU as the tillering 

LTs aTtheT fi- T" “ treatments. In the number of 

anes at the harvest time, however, there is a distinct increase in the non- 

earthed treatment during 1936-37 and a slight one in 1937-38. This increase is 

mamly due to the development of the young shoots which escaped smothX 

in the non-earthed series as no further tillering was observed in this serie! 

a er the earthing up of the other one. These tillers are, however, generally 

or purity. The dissimilarity m the performance of tiUers during the two 

rT.r,T of germination in them During 

^ germination as indicated by three weeks 

counts (Table n, col. 1, M tc early start in tillering, resrffeg in a 1™ 

number of bigger shoots at earthing time, which reduced the loss of tillers 
by suppression with the process of earthing-up. 

L 2 
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In order to find out whether earthing-up does accelerate the growth 
to any extent, twenty -five random selected plants in each treatment were 
labelled at the time of earthing up and the heights of the millable cane re- 
corded at harvest time after topping. The average height agreed very closely 
in both the cases, being 105-1 inches in the earthed-up and 105-0 inches 
in the other case. It would thus be seen that the slight fall in the average 
weight per cane (Table II, col. 7) in the non-earthed treatment is definitely 
due to the development of late tillers. 

The final yield figures were tested for statistical significance (Table III). 
The experimental layout was a complex one including two other treatments. 
The data relating to earthing vs. non-earthing are alone given. 


Table III 

Yield data in lbs. per plot excluding ring {0-8 cent) 
{Variety POJ 2878) 


Replicate 

1936-37 

1937-38 

Earthing 

Non- 

earthing 

Earthing 

Non- 

earthing 

I . . . . . 

687 

777 

752 

809 



739 

699 

764 

858 

III . . , 

710 

813 

860 

805 

IV . ■. . . 

622 

779 

806 

842 

Mean ..... 

689 

767 

i 

796 ! 

828 

Critical difference for signi- 





ficance at P ~ 0 • 05 

83 

75 
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These results show a definite tendency towards increased yields in the 
non-oarthed treatment almost approaching significance in 1936-37, while 
during 1937-38 the yields are almost similar in both the treatments. It is 
thus quite evident that absence of earthing does not in any way lead to the 
reduction in yield. 

This experiment was also tried on a field scale. A cane plot 80 cents 
of POJ 2878 was divided into four blocks of 20 cents each, two- of which 
were earthed-up as usual and the other two were left non-eartlied. The 
yields of the main plots excluding the ring calculated in tons per acre are given 
in Table IV. 

Table IV 

Yield in tons per acre 
(Variety POJ 2878) 

Planted on 9-2-37 Harvested on 6, 7 and 8-2-38 


Replicate 

■ 

Earthing 

Non-earthing 

I . . ■ ■ . . 1 

36*8 

40*0 

II ■ . . . . 

j 

, 39-2 

42*4 

Mean . . . . . . . . . | 

i 38*0 : 

41*2 

Brix @17 -5^0 . ! 

i 

1 22*5 1 

22*4 


There is an increase of 8’ 4 per cent in the yield of non-earthed crop 
without any fall in the brix. 

It may be pointed out here that the season (1937-38) was cliarao- 
terised by a heavy downpour of about 8 in. of rain accompanied by a cyclone 
during September, which caused greater lodging in the non-earthed cane, 
especially under exposed conditions. In spite of this, there has not been 
any appreciable fall in the brix or purity in this variety (Tables II and IV). 

(b) Boot studies. — ^With a view to find out if there are any advantages 
to the root-system by the process of earthing-up, as are iisiially claimed, 
careful dissections of the roots of stools were made under both the treat- 
ments (Plate XX). It will be seen that there is practically very little difference 
in the two treatments, except that in the case of the earthed-up stools the 
fine roots formed after the last dose of nitrogenous top-dressing are found in the 
earthed-up zone ; while in the other case they are restricted to the surface 
layer of the sofi forming a thick network. The difference in the functioning 
of the roots was studied three and a half months after the operation of earthing 
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by an analysis of the exudates collected from canes under both the condi- 
tions and also after removing the fresh surface roots formed after earthing. 
The results of these studies are given in Table V. 

Table V 
Exudation studies 


{31 months after earthing -ui^) 


Treatment 

Quantity 
of sap 
exuded 
per cane 
in 24 
hours 

Absorption per cane per day 

Nitrates 

Ammonia 

K 2 O 

P 2 O 5 


(c.e.) 

mg. 

mg. 

mg. 

mg. 

i. Non- earthing . 

63 

0-025 

0-19 

2-63 

0-74 

2 . Earthing . 

36 1 

0*024 

012 

2-55 1 

0-66 

3. Earthing with 




j 


roots in the 






earthed zone re- 




I 


moved 

” I 

0-021 i 

i 

0*064 

2*83 

I 

0'50 


These figures clearly show that the root-system in the case of earthing- 
up remains mainly as surface feeder, while in the absence of earthing it deve- 
lops, in addition, a capacity to tap deeper layers as well. The large quantity 
of exudates obtained in the non-ear thed treatment also clearly indicates 
that the crop is capable of taking its w^ater requirement from lower laj^ers 
and would thus require less irrigational water than in the other case. In 
fact owing to the slow siltmg of the furrows with irrigation, the non-earthed 
crop actually receives less water at every irrigational turn than the earthed- 
up one where new furrows are opened with the operation of earthing-up, 
thus renewing the system afresh. This reduction in the quantity of w^ater 
is not found to produce any deleterious effect on crop growth. There is thus 
an actual saving of water in the non-earthed treatment which is estimated 
to be betw^een 10 to 15 per cent. The analysis of the exudate further shows 
all the mineral constituents to be more available in this treatment than in 
the other one and it is thus quite evident that the functioning of the root- 
system is not in any way improved by the operation of earthing up. 

III. Conclusions 

The jirevalent idea among the sugarcane growers about the necessity 
of earthing in order to accelerate growth for the improvement in yield is found 
to be quite untenable on actual experimentation. On the contrary, the 
treatment which was not earthed has shown a definite tendency towards 
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higher yields. This ear, be m^nly 

of miHable canes at ^otliered by the operation of earthmg. 

ment of late tillers which are othe -.rrith the operation of earthmg, 

Root iBTestigatiens rem ^s a. a surface feeder, 

the root-system is actually develops a capacity to tap deeper 

while in geneL Wef .about the 

layers as well. It is thus q • Uosed on a misconception as the 

“ td^sr— °“it” 

tract. It_ IS only m ^ exposed conditions and this is observed to 
these varieties, specially und P treatment This weather is, however, 
be more in the case ^^T^mbi “obt and lodging at this period 
generally met with m late S p Another advantage 

fs not found to adversely ^ “a t£i is found to be actually a 

of iri’igational fresh^ deep furrows leads to the application 

disadvantage, as the ope^o oi tr p-pniiirement resulting in the wastage 
of higher delta of water than the crop r^^^^ 

of canal water which is broug _ . , £ four-feet spacing between 

rr Z»“eSrS|S=n,3r“rt wafer rcRuired by the 
crop. 
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THE EXCHANGE OF MOISTUEE BETWEEN PLANT 
MATERIALS AND THE ATMOSPHERE 

BY 
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Assistant Agricultural Meteorologist^ Meteorological Office, Poona 
(Received for publication on 29th August 1938) 

(With four text-figures) 


I. IlTTBODirCTIOir 

Ramdas and Katti [1934; 1935; 1936] have discussed, in a series of papers, 
the phenomenon of the diurnal exchange of moisture during the clear season 
between a dry soil surface when it contains only hygroscopic moisture and the 
air layers near the ground. They have shown that the soil has its maxi- 
mum moisture content at the minimum temperature epoch and its minimum 
moisture content at the maximum temperature epoch. From the morning 
after sunrise up to the afternoon, the soil surface gives up moisture by evapo- 
ration to the air layers above, but thereafter, until the next morning, it desic? 
cates the air layers by re-absorbing almost all the moisture lost. It was also 
shown that the intensity of this moisture exchange is greatest in the black 
cotton soil of the Deccan and least in the alluvial soil of the Indo~Gangetic 
plains. 

Much work has been done by various workers* on the hygroscopic pro-- 
perties of textiles like cotton, silk, wool, etc. Mention may be made of the 
investigations of Wilson and Fuwa [1922] on the absorption of moisture by a 
variety of materials including some plant materials lil^e tobacco, wheat bread, 
flour, etc., when exposed to air of different relative humidities. Nazir Ahmad 
[1933] studied the seasonal variation of the moisture content of bales of cotton 
stored in godowms. He showed that cotton absorbed moisture during the 
monsoon season but lost it again during the dry season. Diatlova [1935] 
found that there is a diuimal variation in the moisture content of grain and 
straw of spring wheat ready to be harvested, the highest moisture content 
occurring at 5 a.m. and the lowest moisture content between 1 and 4 p.m. 

During the clear season of 1937-38, experiments, similar to those in the 
case of the soils, were made on the diurnal variation in the moisture content of 
various plant materials, at the Central Agricultural Meteorological Obser- 
vatory at Poona. The clear season is characterised by a large diurnal range of 

*For references to literature on this subject see Chapter XII of “The absorption of 
gases and vapours by solids ’’ by J. W. McBain (Routledge and Sons, Ltd., 1932). 

( 457 ) 






458 the INDIAN JOUENAL OF AGKICULTUEAL SCIENCE [IX, HI 

temperature, cloudlets eki« and ““f ^ 

IShrfLe^ere Pamd^S Suk! 1938] ; in the present paper the results 
are discussed more fuUy. 

II. Materials and methods 

The materials used for this study were : 

(а) Black cotton soil of Poona. 

(б) Wheat grain. 

(c) Paddy grain. 

{d) Bajri grain. 

(e) Jowar grain. 

(f) Jowar leaf (cut into pieces). 

(g) Jowar leaf (entire). 

(h) Jowar stalk (cut into pieces). _ 

All the materials were perfectly dry in the agronomical sense, iiie 

specrens werSrosed uithLtmosWre in small vessels embedded m the 
soil and their weights determined at desired intervals. 

The various conditions to which the specimens were exposed in different 

experinients were : ^ ^ 

(i) ‘ Open and exposed to solar radiaton 
{ii) ‘ Open but shaded from solar radiation and 
tni) ‘ In the Stevenson screen at ground level. ’ 

Two sets of experiments were performed. In one set, the specimens ’trere 
weighed twice daily at 8 a.m. and 4 p.m. consecutively for sixdays , t^is was 
done with the materials exposed to ‘ open in sun and again with specim^s 
exposed inside a Stevenson screen at ground level. In the other set, on som 
selected days, the diurnal variation m weights of the different materials was 
studied by^ taking two-hourly observations. In every case simultaneous 
records of temperature and humidity of the air layers were obtamed with an 
Assmaim Psychrometer. 


III. Statement of results 

A. Maximum and minimum moisture content during the period 23rd 
November 1937 to 28th November 1937 

(a) A set of specimens was exposed to the atmosphere in the sun. The 
specimens were weighed dady at 8 a.m. and 4 p.m. for six days. The values of 
atmospheric humidtiy at the same hours were also calculated from the dry 
bulb and wet bulb readings of the Assmann Psychrometer. Table I gives the 
weights in grams of these materials at 8 a.m. and 4 p.m. from the 23rd to the 
28tii November 1937. 
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At the bottom of Table I is given the mean weights of the specimens at 
8 A,M. and 4 f.m. as well as the difference between the mean 8 a.m. and mean 
4 p.M. weights expressed as percentages of the mean values for the whole day. 
The results are shown graphically in Fig. 1. 



Fia. i , Weights of samples ot Poona soil, jowar leaf, wheat, paddy, bajri and jowar 
exposed to the open insnn, and values of relative humidity at 0800 hrs. 
and 1600 hrs. daily from 23rd to 28th November 1937. 
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HOURS. 
JAN. 1938 


'T„ 2 Weights of samples of Poona soil, jowar leaf, wheat paddy, SajH and 
exi«Sed Se a SteveLon screen at ground level, and values of relative humidity 
at 0800 hrs. and 1600 hrs. daily from 17th to the 22nd January 1938. 
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(h\ The above experiment was repeated in January 1938 but this tune 
.he e^osed meide a Stevenson s^een at gro- level ^ 

Table LI gives ae weights in grams of a® 

4PM from the 17th to the 22nd J anuary 1938. 

At the bottom of Table II are given the mean weights oi the 
8AM and 4= p M. as weU as the differences between these mean 8 aai. an 
4 pm'. Wghts expressed as percentages of the mean weights for the day. The 

same results are shown graphically m Fig. 2. 
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B. Diurnal variation in the weights of specimens {due to exchange of moisture 
with the air layers near the ground) 


{i) Specimens were kept in the open exposed to sun’s rays and weighed 
every two hours from the morning of one day to the morning of the next day 
on two occasions, viz., 17th to 18th and 27th to 28th November 1937. Dry 
bulb and wet bulb temperatures of the air just above the specimens were also 
recorded by means of an Assmann Psychrometer. 


Tables III and IV give the weights of the materials expressed as percent- 
ages of the mean weight as well as the dry bulb and wet bulb readings and the 
calculated vapour pressure and relative humidity values at two-hourly intervals. 




Fig. 3. Hourly variation of the weights of samples of Poona soil, jowar stalk, jowar 
leaves cut to pieces and jowar leaf entire, exposed to open in sun, and the relative 
humidity from 0600 hrs. on IVth November to 0600 hrs. on 18th November 1937, 
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Table III 


Exposed to open in sun {two-hourly observation ; actual weights expressed as 

percentages of mean weight) 


Date 

Time 

(hrs.) 

! 

Soil 

Jowar 

stalk 

J&war 

leaf 

cut 

into 

pieces 

Jowar 

leaf, 

entire 

Dry 

bulb 

(“C.) 

Wet 

bulb 

(“C.) 

Vapour 
pressure 
(mm. of 
Hg.) 

Relative 

humi- 

dity 

(per 

cent) 

17 th Kovemher 

0600 

103-3 

107*6 

105*9 

109*5 

9-8 

7*8 

6*9 

76 

1937, 










Do. 

0800 

102 -1 

105*6 

100*5 

102*8 

13*0 

10*0 

7*7 

69 

Do. 

1000 

98-5 

97*6 

96*3 

95*8 

21*8 

16*1 

10*9 

56 

Do. 

1200 

96*7 

96*6 

94*9 

94*4 

31*4 

19*1 

10*4 

30 

Do, 

1400 

96-6 

93*9 

94*9 

94*1 

36*0 

19*8 

9*2 

21 

Do. 

1600 

97-1 

93*1 

94*9 

94*1 

30*8 

17*8 

8*8 

26 

Do. 

1800 

98-4 

95*3 

96*6 

95*5 

24*0 

15*5 

9*0 

40 

Do. 

2000 

99-2 

95*6 

97*7 

96*9 

18*8 

12*2 

7*4 

45' 

Do. 

2200 

100*2 

99*5 

101*1 

99*3 

14*2 

10*0 

7*1 

69 

Do. 

2400 

101*2 

101*3 

101*5 

101*3 

14*0 

9*8 

7-0 

68 

18th November 

0200 

101*6 

103*0 

103*6 

103*0 

12*5 

9*2 

7*1 

65 

1037. 










Do. 

0400 1 

102*4 

104*8 

105*1 

104*7 

10*8 

8*5 

7*2 

74 

Do. 

0600 1 

102*8 

107*1 : 

106*9 

108*7 

9*9 

8*0 

7*2 

79 

100 per cent— 

1 

15*6926 

2*5861 

0*6803 

0*5739 







grms. 

grms. 

grms. 

grms. 





Range of variation 


6*8 

14*5 

12*0 

15*4 





(per cent) 

1 


1 








Table IV 


Exposed to open in sun {two-hourly observations ; actual weights expressed as 

percentages of the mean weight) 


Date 

Time 

(hours) 

Soil 

Wheat 

(grain) 

Paddy 

(grain) 

Bajri 

(grain) 

Jowar 

(grain) 

Jowar 

deaf) 

Dry 

bulb 

('’C.) 

Wet 

bulb 

Vapour 

pressure 

(mm. 

(ofHg) 

Humi- 

dity 

(per 

cent) 

27th November 

0800 

101 

8 

101 

0 

101*3 

101*2 

101 

2 

108*5 

15*5 

13*0 

10 

0 

76 

1937. 















Do. 

1000 

101 

5 

100 

7 

100*9 

101*0 

100 

9 

98*7 

28*0 

17*2 

9 

•3 

33 

Do. 

1200 

98 

5 

100 

2 

100*0 

100*3 

100 

2 

94*5 

31*5 

18*0 

8 

7 

25 

Do. 

1400 

97 

6 

99 

7 

99*2 

99*6 

99 

5 

92*4 

34*2 

18*2 

7 

7 

19 

Do. 

1600 

97 

7 

99 

4 

98*9 

99*2 

99 

2 

91*6 

31*5 

17*2 

7 

6 

22 

Do. 

1800 

98 

4 

99 

4 

99*0 

99*2 

99 

2 

93*2 

22*5 

14*2 

8 

0 

39 

Do. 

2000 

99 

1 

99 

5 

99*4 

99*4 

99 

5 

98*5 

16*7 

11*2 

7 

2 

51 

Do- 

2200 

99 

9 

99 

7 

99*7 

99*6 

99 

6 

100*3 

14*0 

9*8 

7 

0 

68 

Do. 

2400 

100 

4 

99 

9 

100-0 

99*8 

99 

8 

102*1 

12*2 

9*0 

7 

0 

■ , 66 : 

28th November 
1937. 

Do. 

0200 

100 

•8 

100 

•0 

100*2 

100*0 

100 

*0 

104*6 

10*5 

8*2 

7 

0 

74 

0400 

101 

•3 

100 

•2 

il00*4 

100*1 

100 

•2 

105*1 

9*8 

7*6 

6 

7 

74 

Do. 

0600 

101 

•7 

100 

•3 

il00*6 

100*3 

100 

•5 

105*7 

9*0 

7*0 i 

6 

5 

76 

Do. 

0800 

101 

•3 

100 

•0 

100*5 

100*3 

100 

•2 

104*8 

14*6 

12*0 

9 

•3 

75 

100 per cent « 

Range of varia- 
tion (per cent) 

24*6730 

1 grms. 

23*6109 

grms. 

15*3831 
; grms. 

24*1116 

grms. 

21*6496 

grms. 

0*6563 

grms. 







4*2 

L 

1*6 

2*4 

2*0 

2*0 

17*0 
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{ii) The above experiment was repeated changing the condition of ex- 
posure. The specimens were exposed within a Stevenson screen at ground level. 
Table V gives the two-hourly weights expressed as percentages of the mean 
weight for the day and the dry bulb, wet bulb, vapour pressure and humidity 
values. 


Table V 



Inside Stevenson screen at ground level {two-hourly observations, actual weights 
expressed as percentages of the mean weight) 


Vapour 

pressure 

(mm. 

ofHg) 


Humi- 

dity 

(per 

cent) 


Date 


lltli January 
1938. 

Do. 


12th January 
1938. 

Bo. 


Eange of varia- 
tion (per cent) 


(m) In tMs experiment the materials were exposed to open but shaded 
from the snn. 

Table VI gives the two-honrly weights expressed as percentages of the 
mean weight of the day as well as the dry bulb and wet bulb temperatures and 
the calculated vapour pressure and relative humidity values. 


Time 

(hours) 

Soil 

Wheat 

(grain) 

Paddy 

(grain) 

' 

Bajri 

(grain) 

Jowar 

(grain) 

Jowar 

(leaf) 

Dry 

bulb 

(‘^C.) 

■ Wet 
bulb 

(‘•c.) 

0800 

100-8 

100-2 

100-4 

100-3 

100-3 

100-2 

14-5 

9-2 

1000 

100*8 

100-3 

100*3 

100-3 

100-3 

98-2 

23-5 

13-8 

1200 

100-0 

100-2 

100*1 

100*2 

100-1 

98-1 

27-8 

15-2 

1400 

99-2 

99*9 

99*7 

99*9 

99-9 

98-1 

32-5 

17-2 

1600 

98-8 

99-8 

99*5 

99*7 

99-6 

97*8 

30*5 

17-0 

1800 

98*6 

99-0 

99*3 

99*5 

99-4 

97*7 

28-2 

17-2 

2000 

99*1 

99*6 

99-5 

99*6 

99-5 

98*7 

24-5 

15-8 

2200 

99-6 

99*7 

99-6 

99*7 

99-6 

99*8 

20-5 

13-8 

2400 

99-9 

99*9 

99*9 

99-8 

99*8 

100*4 

17*5 

12-2 

0200 

100*2 

100* 

100*2 

100*1 

100*0 

1 

101*3 

14-8 

10*5 

0400 

100*5 

100*2 

100*4 

100-2 

•100 -2 

1 

102-9 

12-2 

9-2 

0600 

101*2 

100*3 

100*6 

100-4 

ll00*4 

103*4 

12-0 

10*0 

0800 

101*2 

100*3 

100*6 

100*4 

100-7 

;103*5 

14*2 

9-8 


24*2642 

grms. 

23*7510 

grms. 

15*4192 

grms. 

23*4734 

grms. 

, i 

21*6658 

1 grms. 

1 

0*6559 

grms. 




2*6 

0*7 

1*3 

0*9 

1-3 1 

6*8 
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Table VI 


O^en {in shade) {two-hourly observations ; actual weights expressed, as percentages 

of the mean weight) 


Date 

Time 
(hours ) 

Soil 

Wheat 

(grain) 

Paddy 

(grain) 

Bajri 

(grain) 

Jowar 

(grain) 

Jowar 

(leaf) 

Dry 

hiilb 

(“C.) 

Wet 

bulb 

Vapour 

pressure 

(mm. 

ofHg) 

Humi- 

dity 

(per 

cent) 

4 tiiMarch 1938 

0800 

100*3 ' 

100*6 

100*0 

100*2 

100*0 

103*0 

27*1 

16*4 

8*6 

32 

Do. 

1000 

99*1 

99*9 

99*7 

99*7 

99*8 

101*7 

31*7 

17*4 

7*8 

22 

Do. 

1200 

98*0 

99*5 

99*6 

99*3 

99*6 

98*3 

33*5 

17*1 

6*4 

10 

Do. 

1400 

98*0 

99*6 

99*6 

99*2 

99*4 

95*4 

38*6 

18*0 

5*2 

10 

Do. 

1600 

97*7 

99*4 

99*4 

99*0 

99*3 

95*1 

38*0 

18*0 

6*6 

11 

Do. 

1800 

98*3 

99*4 

99*5 

99*3 

99*5 

96*5 

33*0 

20*2 

11*4 

SO 

Do. 

2000 

99-6 

99*7 

99*7 

99*6 

99*6 

96*7 

30*3 

20*0 

12*4 

38 

Do. 

2200 

100-6 

99*7 

99*9 

99*8 

99*8 

1 

, 97*0 

28*0 

18*5 1 

11*2 

40 

Do. 

2400 

101*1 

100*1 

100*4 

100*2 

100*1 1 

99*4 

24*5 

16*3 

9*8 

43 

5tli March 1938 

0200 

101*5 

100*3 

100*5 

100*6 

100*5 

101*5 

21*7 

14*6 

8*8 

45 

Do 

0400 

102*0 

100*6 

100*7 

101*0 

100*8 

jl04*0 

' 19*6 

13*3 

8*3 

49 

Do. 

0600 

Il02*4 

1 

100*8 

100*8 

101*2 

101*1 

!i06*5 

17*0 

11*3 

7*2 

50 

Do. 

0800 

101*3 

100*6 

100*2 

100*8 

100*4 

|104*5 

j 23*4 

17*3 

11*8 

55 

100 per cent— 


24*2104 

grms.' 

23*2003 
grms. 1 

25*0679 

grms. 

22*8563 

graas. 

21*0889 

grms. 

: 0*2110 
grms. 

1 

1 

! 




Bange of varia- 
tion (per cent) 


\ 

1*4 

1*4 

2*2 

1 1*8 

i 

11*4 




! 


{iv) In this experiment two sets were exposed simultaneously, one in the 
open with the sun’s rays falling on the specimens while the other was exposed 
in the open but shaded from the sun. The specimens were weighed at two- 
hourly intervals and the readings of the dry bulb and wet bulb temperatures 
recorded at the same time. 

Tables VII and VIII give the diurnal variation in the weights 
expressed as percentages of the mean weights for the whole day as well as 
the dry bulb, wet bulb, vapour pressure and relative humidity values. 
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Table VII 


Exposed to the open in sun {two-hourly observations ; actual weights expressed 
as percentages of the mean weight) 


Date 

Time 

(hrs.) 

Soil 

Wheat 

(grain) 

Paddy 

(grain) 

Bajri 

(grainy 

! 

Jowar 
i (grain) 

1 

Jowar 

(leaf) 

Dry 

bulb 

(°C.) 

Wet 

bulb 

rc.) 

Vapour 
pressure 
(mm. 
of Hg) 

Humi- 

dity 

(per 

cent 

2iid May 1938 

0800 

'l05*9 

102*5 

103*2 

104*2 

102*7 

124*1 

36*5 

19*0 

7*7 

17 

Do. 

1000 

ll03-4 

101*5 

101*5 

101*2 

100*7 

100*4 

38*5 

19*5 

7*5 

15 

Do. 

1200 

97-0 

99*7 

99*3 

99*8 

99*8 

75*7 

43*5 

20*6 

6*6 

10 

Do. 

1400 

94 *4 

99*2 

98*6 

98*8 

99*2 

73*6 

43*0 

20*0 

6*0 

9 

Do. 

1600 

94-8 

98*8 

98*2 

98*0 

98*7 

71*6 

42*0 

21*2 

8*5 

14 

Do. 

1800 

96*1 

98*7 

98*3 

97*9 

98*6 

79*6 

35*5 

19*5 

9*0 

21 

Do. 

2000 

97*8 

99*0 

99*0 

98*5 

98*9 

91*3 

31*5 

21*5 

14*2 

41 

Do. 

2200 I 

99*0 

99*3 

99*4 

99*0 

99*2 

98*4 

28*0 

23*0 

18*6 

65 

Do. 

‘ 2400 

100*7 

99*5 

99*7 

99*6 1 

99*5 

104*4 

25*2 

24*0 

21*8 

91 

3rd May 1938 

0200 

101*7 

100*0 

100*3 

100*2 

100*3 

114*8 

23*0 

21*0 

20*0 

95 

Do. 

0400 

102*5 

100*4 

100*6 

100*7 

100*7 

120*3 

21*5 

19*5 

18*4 

96 

Do. 

0600 

103*3 

100*7 

100*9 

101*1 

101*0 

123*3 

20*5 

18*5 

15*0 

83 

Do. 

0800 

103*2 

100*7 

100*9 

101*0 

100*9 

123*0 

34*5 

25*0 

19*0 

46 

100 per cent= 


23*0254, 
grms. 1 

26*6556 

grms. 

26*6193 

grms. 

20*5482 

grms. 

19*3589 

grms. 

1*3618 

grms. 





Eaiige of varia- 
tion (per cent) 


11*5 

1 

3*8 

5-0 

6*3 

4*1 

52*5 






Table VIII 


Exposed to the open but always in shade {two-hourly observations ; actual weights 
expressed as percentages of the mean weight) 


Date 

Time 

(hrs.) 

Soil 

Wheat 

(grain) 

Paddy 

(grain) 

Bajri 

(grain) 

Jowar 

(grain) 

J owar 
(leaf) 

Dry 

bulb 

(“C.) 

Wet 

bulb 

(^G.) 

Vapour 
pressiu'e 
(mm. 
of Hg) 

Humi- 

dity 

(per 

cent) 

2nd May 1938 

0800 

101*9 

101 

0 

101 

•3 

101 

•4 

101*4 

106 

0 

34 

5 

18 

•5 

8 

0 

■ 

19 

Do" 

1000 

100*2 

100 

3 

100 

•2 

100 

5 

100*6 

99 

4 

37 

5 

18 

•2 

6 

0 

12 

Do. 

1200 

98*3 

99 

9 

99 

•1 

99 

6 

99*8 

98 

1 

40 

8 

18 

*0 

4 

1 

7 

Do. 

1400 

98*0 

99 

4 

98 

*8 

99 

2 

99*5 

93 

6 

41 

0 

19 

*8 

6 

7 

11 

Do. 

1600 

98*2 

99 

2 

98 

*8 

99 

1 

99*1 

98 

6 

39 

5 

21 

•5 

10 

2 

19 

Do. 

1800 

98*8 

99 

1 

99 

0 

99 

0 

99*0 

99 

0 

36 

5 

20 

6 

10 

2 

22 

Do. 

2000 

99*2 

99 

2 

99 

3 

99 

3 

99*3 

99 

5 

30 

0 

18 

5 

10 

2 

. 32 

Do. 

2200 

! 99*6 

99 

5 

99 

6 

99 

6 

99*6 

99 

9 

26 

5 

22 

7 

18 

8 

72 

Do, 

2400 

100*0 

99 

7 

100 

1 

99 

9 

99*8 

100 

5 : 

25 

0 

24 

0 

21 

9 

92 

3rd May 1938 

0200 

^100*6 

100 

2 

100 

5 

100 

2 

100*2 

101 

0 

22 

5 

22 

0 

19 

6 

96 

Do j 

0400 

101*3 

100 

5 

100* 

9 

100 

6 

100*4 

101 

a ! 

21 

5 

21 

0 

18 

4 

96 

Do. 

0600 

102*0 

101 

0 

101* 

3 i 

100 

9 

100*8 

101 

8 ' 

20 

5 

18 

5 

15 

0 i 

83 

Do. 

0800 1 

101*8 

100* 

» 

101* 

2 

100* 

8 

100*5 

101 

5 i 

32 

0 

28* 

3 

23 

2 j 

65 

100 per cent = 

Bange of varia- 
tion (per cent) 

i 

i 

22*8402 

grms. 

20*5787 

gmis. 

24*8880 

grms. 

24*0255 

grms. 

22*7844 

grms. 

1*1888 
grms. j 





j 4*0 

1* 

9 

2* 

5 

2* 

4 

2*4 

12* 

1 
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IV. Disctjssioh 
A. Explanation of the results 

From the foregoing account it emerges that plant materials exchange 
moisture with the aii' layers surrounding them Just as the soils do. The 
curves of diurnal exchange of mositure by plant materials are somewhat similar 
to that of the soil ; both the soil as well as the plant materials lose moisture 
from morning till afternoon, but regain during the afternoon and night almost 
all the moisture lost during the day. There is also a striking similarity in the 
form of the curves of soil and plant materials to that of relative humidity. 
In other words, as the relative humidity of the air decreases, soil and plant 
materials tend to give up moisture to the air layers, but when the re- 
lative humidity of the air increases, they desiccate the atmosphere by absorbing 
moisture from the air layers surrounding them. 

B, Maximum and minimum moisture content 

The epochs of maximum and minimum moisture contents vary slightly 
in the different cases. In soils the epoch of minimum moisture content coin- 
cides with the maximum temperature epoch while the maximum moisture 
content occurs at the same time as the minimum temperature epoch. In 
the case of plant materials, except when the materials are exposed inside 
a Stevenson screen, the maximum moisture content occurs about the same 
time as the minimum temperature epoch, i.e., at about 6 a.m. The loss of 
weight from 6 a.m. to 8 a.m., however, is not so well marked as in the case of 
soil. While the soil starts losing moisture from 6 a.m., the loss of weight from 
6 to 8 A.M. is generally not very striking in the case of plant materials. Inside 
a Stevenson screen the intensity of the phenomenon is less and there is a general 
lag ; the plant materials attain their maximum weight only at 8 a.m., and not 
at 6 A.M. as in the other cases when exposed to the open. 

The minimum moisture content of plant materials, unlike soils, does not 
occur exactly at the maximum tern perature epoch. In this respect, the 
plant materials studied show' difference even amongst themselves, some show- 
ing the minimum weight at about 2 p.m, as the soil does, while others go on losing 
weight till as late as 6 p.m. It is seen that, in general, plant materials attain 
their minimum moisture content a little later than the soil, materials like seed 
grains showing a greater lag than do specimens of dry jowar stalk or leaf. 
Thus, the lag, which is slightly noticeable at the maximum moisture epoch, 
becomes strikingly apparent (4 hours sometimes) during the minimum moisture 
epoch. The exchange of moisture between a soil in a finely divided state and 
the air is more rapid than in the case of the plant materials. In the case of 
plant materials the process is not so rapid because of the cell walls through 
which the water vapour has to pass in getting in or gomg out. The seed-coat 
of the grains is still less permeable to water vapour than the dry cells of jowar 
leaf or stalls and hence the lag in the epochs of maximum and minimum mois- 
ture content is more in the case of the grains than u the case of dry joivar 
leaves and stalks. 
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C. Dhirml variation in moisture content under different conditions 
The difference between the maximum and inmimum weights, ot the 
amplitude of variation expressed on percentage basis, is shown in Table iX. 

Table IX 


The amplitude of variation in weight {or the maximum weight minus the 
minimum weight expressed as a percentage of the mean weight), on different 


Materials 


17th 

INov ember 
1937, 
exposed 
to 

open, 
in sun 


1 


Black cotton 
soil. 

2. Wheat grains 

3. Paddy grains 

4. Bajri grains 

6. Jowar grains 

6. J owar leaf 
cut into pieces 

7. Jowar leaf I 
entire 

8. Jowar stalk 
cut into pieces 


6.8 


12.0 

15.4 

14.5 


27th 1 
November 
1937, 
exposed 
to 

open, 
in sun 

2 

11th 
January 
1938, 
exposed 
inside S.S. 
at ground 
level 

3 

4th 

March 

1938, 

exposed 

to 

open, shad- 
ed from sun 

2nd 

May 

1938, 

exposed 

to 

open, 
in sun 

5 

4.2 

2.6 

4.7 

11.5 

1.6 

0.7 

1.4 

3.8 

2.4 

1.3 

1.4 

5.0 

2.0 

0.9 

2.2 

1 6.3 

2.0 

1.3 

1.8 

4.1 

17.0 

5.8 

11.4 

52.5 

1 


2nd 
May 
1938, 
exposed 
to open, 
shaded 
from sun 

6 


4.0 

1.9 

2.5 

2.4 

2.4 

12.4 


Table IX brings out the foUowing points 

(1) The diurnal variation is greatest in dry plant materials like jowar 
leaf and stalJk and least in the seed grains, while soil occupies an intermediate 

position in this respect. 

(2) The diurnal variation is maximum when the samples are exposed to 
the sun and minimum when they are exposed in a Stevenson screen ; when 
exposed’ in the open but shaded from sun, the values are intermediate between 
those in the above two cases. 

(3) The effect of season can be studied by comparing column 2 with 
column 5 as well as column 4 with column 6 where the same materials were 
exposed to identical conditions in different parts of the year. It becomes 
clear from the above comparison that the exchange of moisture between sod 
and plant materials and the air layers surrounding them is greater in the 
hotter than in the colder parts of the year. 

(4) The effect of insolation is clearly brought out by a comparison of 
columns 6 and 6. The conditions of exposure were similar in aU respects except 
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that in one case the direct insolation was out oflF. It is seen that Just by cutting ■ , 

off the insolation the amplitude of the variation in weights is reduced by about 
50 per cent. 

Significance of the above results in agricultural practice 

^ The fact that dry plant materials lose moisture during the day and regain 
during the night may have a bearing on a,gricultiiral marketing. From what i 

has been said it is evident that a difference between the maximum and 
minimum weights (for materials like dry jowar stalk and leaf) equivalent to 
about ^10- 15 per cent of the mean weight for the day is not unusual when the 
material is fully spread out. In actual practice grain and fodder are handled J 

in bulk and it is necessary to find out how the diurnal variation of moisture j 

content would alter under those conditions. Further work on these Mnes will | 

be attempted during the next clear season. j 

V. Summary and conciajsions j 

(1) It has been shown that dry plant materials exchange moisture with | 

the air la 3 mrs surrounding them just as the soils do. I 

j 

(2) The amount of the moisture exchanged is greater than in the soil in I 

the case of materials like dry jowar stalk and leaf, while in the case of grains | 

like wheat, paddy, bajri and jowar the moisture exchanged is less than that I 

by the soil. , :| 

(3) The difference between the maximum and minimum moisture content 
is greatest in materials exposed to open in sun, smaller when exposed to open 
shaded from sun and least when the specimens are exposed within a Stevenson 
screen at ground level. 

(4) The amplitude of the variation in weight is greater in summer than in 
winter. 

(5) The agricultural bearing of these results has been indicated. 

The author’s best thanks are due to Dr. L. A. Ramdas, Agricultural 
Meteorologist, for suggesting the problem and for his guidance during the 1 

course of the work. 

REFERENCES 

Diatlova, T. R. (1935). Kommission Fur Landwirtscliaftliche Meteorolgie Protokolla ’ 

Der Tagung in Danzig, 1935 ; 

Katti, M. S. (1935). Current Sci. 4, 419 i 

Nazir Ahmad (1933). Ind, Central Cotton Gonim, Tech. Bull, A, No. 2^ 

Ramdas, L. A. (1934). Current Sci. 2 445 I' 

Ramdas, L. A. and Katti, M. S. (1934, 1). Ind. J. Agric. Sci. 4, 923 

— - — (1934, 2). Current Sci. 8, 24 

■ (1935). /S'ci 3, 612-13 

(1936). Ind. J. Agric. Sci. 6, 1163 

Ramdas, L. A. and Mallik, A. K. (1938). Current Sci. 6, 9 | 

Wilson, R. E, and Fnwa, T. (1922). J. Ind. Eng. Chem. 14, 915 

It 

'! 



THE PEACTICAL SIGNIFICANCE OF SOIL SOLUTION 

STUDIES 

BY 

B. T. MULWANI, B.Ag. (Bom.), D. I. 0., Ph. D. (Lond.) 

AND 

A. G. POLLARD, A. R. C. S., A. I. 0. 

Agricultural Chemistry Department, Imperial College of Science and Technology, 

London 

(Received for publication on Tth February, 1938) 


CONTEHTS 


I. Introductiont ..... 

II. Research carried out . 

III. Laboratory METHODS — 

(а) General considerations . 

(б) Method of obtaining soil solution 
(c) Methods of analyses 

IV. Soils used int the unvestigationt . 


V. Experimental — 

(a) Soil solution vs. soil productivity 

(h) Comparison of displaced soil solution and water extracts in 
and alkaline soils . 

(e) Base-exchange reactions in soils 

VI. Discussions . 

VII. Summary 

VIII. Future scope op wore 
Repbrences . 


saline 


Page 

473 

475 

475 

475 

476 
485 

487 

491 

493 

498 

500 

501 

501 


I. Intboduction 

A FEW roferencos have been made to the writers direct and sonietimes 
through the Imperial Bureau of Soil Science with regard to the value of dis- 
placed solution of soil at its moisture content under normal field conditions. A 
preliminary survey of the soil solution methods has been made and a few facts 
about them have been put forth in the following pages. 

A ‘ soil solution ’ is obtained from a soil of optimum moisture content by 
the alcohol displacement method of Parker [1921] and other workers as des- 
cribed later on in the paper. The soil solution isolated by this method is the 
soil water, containing some colloidal and dissolved salts removed unchanged 

( 473 ) 
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from the solid mass of soil and forms, to the best of our knowledge, the 

which the plant draws its nutrients. An exammationjof the analys^ of 
Se ctions enables us to follow the dynamic changes which take place m 
soils as a result of irrigational, seasonal or cultural variations. 

There is a considerable Uterature on methods of determining the soil solu- 
+■ Onp of the first attempts to separate soil solution without recourse to 

weU with soil containing less than 20 per cent_ water. Itscherekov [1907J 
• nn Schloesine’s procedure by substitutmg alcohol for water as the 

houM made a study of the alcohol displacement 

compS eSyl alcohol with other hquids such as acetone, 
SeSabioT»™Lt,r%ot,nd that ethyl alcohol was the meet 
rli «ol Joins a^ent The writers have found out that methylated or rectified 
St ySd^eqaaUy satirfactory rceults. The method erfdently ^Te. the 
true soil solution, which is at least twenty times as concentrated as the 1. 5 
water extract though about ten times as much soil is needed compared mth 
the soil used ’in an ordinary water extract. The greatest advantage it has 
Q+Ar pvtracts is that it gives a more correct measure of the material m 
Sfcf TSg inSrlw tai^, lo»t time for evaporation in ah nrrero- 

determinations used in the mvestigations. 

Htird and Martin [19231 have carried out tests with the gravity displace- 

air pressure tvues and therefore the displaced solutions 

^S^yXnTdo eSS m ““TrdlaTS 

oDtameu have however, concluded that the 

SStdtfotoTSS »iS eliminate some of ihe more important objeotfo^ 
wliFeh have been raised to water extraction of the ordinary type. They have 
S the displacement method has much to recommend it m the study 
:?tod^LwS“i^tions of coil chemiatry in which aoluble oonBtrtuent. 

are concerned, 

Burgess [1922], testing the Lipman’s method, isolated the solution by 
fPrect nressure n«irig soil containers capable of withstanding 100,000 lbs. 
STco SrlnTSIpantd the e:rtracted solntion whh 1 : 6 water ertrmte. 
The values for the soil bases and other fertihty constituents ob^^ by hjm 
Se£ expissed on air-dry or oven-dry soil basm) from 1:5 extracts rme 
higher than those found in the soil solution in any individual soil. 

Bata nresented in the following pages wiU show that the discrepancies 
between the soil solution and water extracts become still more apparent when 
S^ofdiffLeS kinds are examined. The value of soil solution methods be- 
comes much more reliable when soils of and regions are exammed. 

and Sokoloff [1935] have shown that the proportional and abs^ute 

extr^tets of soils are Mglier than those 
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in displaced soil solution. The proportion of calcium is lower in extracts than 
displaced solutions. 

The results obtained by the writers are shown in the following pages. 

II. Reseaech caeribd out 

The principal object of the mvestigation has been to examine critically 
the value of soil solution methods and their application to various soil condi- 
tions and plant growth in general. Attempt has been made to employ these 
methods in the study of base-exchange reactions and subsequently in the in- 
vestigations into the nature of allcali and saline soils. 

The comparative value of the examination of soil solution and of water 
extracts with different soil-water ratios has been studied particularly in case of 
natural soils rich in soluble bases and also in case of artificially salted soils. 

III. Laeoeatoey methods 
(a) General considerations 

If water is placed on top and allowed to percolate through a mass of moist 
son in a loose state of aggregation, such as that in which it exists in the field 
under conditions normal to plant growth, successive portions of the liquid 
obtained will be decreasingly concentrated imtil a low and comparatively 
uniform level is reached. None of these portions can properly be assumed to 
represent the soil solution and the concentration of the entire solution so ob- 
tained will doubtless approximate that of a water extract obtained with i=!imi1fl.r 
portions of water and soil. 

On the other hand if a similar mass of soil is pressed tightly in a tube con- 
tainer and treated with alcohol or any other displacing Hquid the successive 
portions of solution have equal concentrations until the displacing agent begins 
to appear. These portions, before getting contaminated or diluted, represent 
true soil solution. 


{b) Method of obtaining soil solution 

The method has been described by Parker [1921, 1927], Flint [1927], Mack- 
ness [1932] and others, but as it is not widely practised in India and some other 
countries, a brief description of the writers’ technique is given below : 

A bakehte tube or an ordinary glass percolator 2-i inches diameter is closed 
by muslin tied over the lower end, and moist soil, about two kilos, is then 
charged into the tube in small quantities at a time, each small addition being 
pressed down before the next is added. The tube is made to stand in a rack on 
a funnel containing filter paper and alcohol (methylated or rectified) poured 
on to the top of the soil. In a few hours drops of soil solution appear, and are 
coUected^ in a trap flask attached to the funnel. It is remarkable that the 
solution is seldom at all muddy, in fact the filter paper is almost unnecessary, 

o 2 
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and is preferably omitted in most cases. If it is desired to reduce the amount 
of alcohol required, the displacement may be started with 200 or 300 c.c. of 
alcohol and after this has penetrated the soil, water may be added to complete 
the displacement. 

It may be emphasised that the soil solution thus obtained is no way an 
alcoholic extract, neither does it contain any trace of alcohol when the operation 
is correctly carried out. If the tubes are allowed to stand too long, then the 
alcohol begins to come through, and can at once be detected by the characteris- 
tic appearance which due to defraction differences accompanies the mixing of 
an alcoholic drop and water. About 50 per cent of the soil solution is dis- 
placeable by this method and the successive portions of the liquid obtained 
give the same freezing point depression [Parker, 1921], and exhibit a constant 
composition in successive increments. 

The method can be used on all soil classes and at a wide range of moisture 
contents. It has several distinct advantages over other pressure methods 
which have been used by other workers. One of the greatest advantages is 
its simplicity and the fact that it does not require any special apparatus. 

Belation between moisture and results of analyses. — The direct results of 
analyses are expressed in parts of nutrients and other bases per million parts 
of the solution and this represents the concentration of bases and other nutrients 
at the time of displacement. Finally, however, all the results are expressed 
on oven-dry soil basis as parts per million or per hundred. Parker and others 
have shown that at ordinary moisture contents the concentration of the soil 
solution is inversely proportional to the moisture content of the soil. 

(c) Methods of analyses 

Methods adopted, except in case of sodium, are those generally in use in 
the Agricultural Chemistry Department of the Imperial College of Science and 
Technology, London, for work of this kind, and have been tested over a num- 
ber of years. An easy and short method for the determination of sodium in 
soils has been successfully worked out [Mulwani and Pollard, 1937]. Accu- 
racy of each method was tested [Mulwani, 1936] with synthetic soil solutions 
made prior to the research. 

Preparation of solution for the estimation of manganese^ calcium^ magnesium ^ 
etc, — ^Fifty c.c. of soil solution or water extract are evaporated to dryness in a 
siHca dish with a few c.c. of A. R. hyrodchloric acid. The residue is then ignit- 
ed thoroughly but not too strongly to burn organic matter completely. Five 
c.c. of A. R. nitric acid and one drop of hydrochloric acid are added and the 
whole evaporated again on a steam-bath. It is then digested on the steam- 
bath with 50 c.c. of water, acidified with a few drops of nitric acid, for fifteen 
minutes or until the flakes of calcium sulphate dissolve. The digested 
material is filtered through a fitler No : 40 Whatman paper into a 100-o,e* 
measuring flask (A) and made up to volume. 
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M<mg(mese , — -Five c.c. of test solution from flask {A) are pipetted in a 60- 
c.c. beaker and treated with one c.c. of phosphoric acid and a few crystals of 
potassium periodate and heated to boiling. After allowing it to stand for 
five minutes it is heated again, stirring ail the time to avoid bumping, and made 
to 10 c.c. The colour developed in presence of manganese is quickly compared 
with standard. 

Preparation of standard , — Direct use of standard potassium permanganate 
solution in some cases is unsatisfactory as shade of colour is slightly different 
from that obtained with test solution. Therefore 10 c.c. of JV'/20 potassium 
permanganate are acidified with sulphuric acid and reduced with oxalic solu- 
tion and re-oxidised with phosphoric acid and periodate and finally made to 
1,000 c.c. The resulting standard is A/2,000. (A/10 KMn 04 contains 1*10 

grm. Mn per 1,000 c.c.). The best part of range is between 1-2 c.c. of A/2,000 
potassium permanganate ; with 3 c.c. the colour is difficult to match. 

The comparisons are made in exactly similar specimen tubes etched with 
a mark at a volume of 10 c.c. and standing on a white tile. In one is 
placed the test solution diluted to 10 c.c., into the other the standard is run 
from a graduated pipette until on looking down the tubes the tints are seen to 
be the same. The final comparison is made with the standard diluted to about 
10 c.c. so that equal amounts of manganese will be contained in equal volumes 
of solution. Following recoveries have been made by this method : — 


Quantities of Mn taken 


Quantities 
of Mn 
recovered 


(Mg.) 

0-02 

0-02 

0-02 

0*02 

0*0o 

0*05 

0*05 

0-05 

0*10 

0-10 

0*10 

0*10 

0-15 

0*15 

0*15 

0*15 


(Mg.) 

0-020 

0-018 

0-018 

0-022 

0-052 

0-050 

0-050 

0-050 

0-104 

0-104 

0-108 

0-100 

0-156 

0-160 

0-160 

0-158 


The results indicate the accuracy of the method in presence of very small 
amounts of manganese. Colour intensity may alternatively be marked in a 
Hellige colorimeter. 

Calcium,— The presence of manganese exceeding 100 p.p.m. interferes 
with the determination of calcium. Removal is effected by adding 3 grms. 
of sodium acetate, a few drops of pure bromine, boiling and filtering. 
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Fifty o.c. of test solution (A) are taken and after treating with. 3 drops of 
concentrated acetic acid it is diluted to 150 c.c. After heating it to boiling 10 
c.Q. of saturated ammonium oxalate (this precipitates up to 70 mg. Ca) solu- 
tion are slowly added with stirring. After heating again for ten minutes it is 
allowed to stand for four hours. The precipitate is filtered through No. 40 
Whatman paper and washed weU with hot water, the first two washings being 
collected with the filtrate for estimation of magnesium. The precipitate is 
rinsed off with cold water and the paper washed through three times with warm 
dilute sulphuric acid (5 c.c. concentrated acid plus 100 c.c. water). Further 
10 c.c. of 1 : 1 sulphuric acid are added and the whole diluted to 150 c.c. 
After heating nearly to boiling it is titrated with N/20 potassium permanganate 
(1 c.c. N/20 KMn 04 =l *002 mg. of Ca). Accuracy of the method is shown 
below : — 


Quantitites of Ca taken 


Quantities 
of Ca 
recovered 


(Mg.) 

1-0 

1-0 

2'0 

2*0 

3*0 

3-0 

4*0 

4*0 


(Mg.) 

0*96 

0*96 

1*90 

1*94 

2-86 

2*98 

4*08 

4*10 


Magnesium [Treadwell and Hall, 1915]. — -The filtrate and washings are 
boiled down in a 250-c.o. beaker to a volume of about 50 c.c. and 2 c.c. of 
10 per cent diammonium hydrogen phosphate solution are added to the hot 
liquid and 20 c.c. of 10 per cent ammonia stirred in, rubbing when solution 
has cooled with a rubber-tipped rod, until the precipitate appears. The beaker 
with the precipitate is allowed to stand, covered to prevent undue loss of am- 
monia, in the cold for fourteen hours and then filtered through a No. 42 (or 40) 
paper, washing twice on the paper with one per cent ammonia. The ffltrate 
and washings could be set aside for sulphate determinations. The precipitate 
is further washed four times on the paper with 30 per cent alcohol 
(400 c.c. of rectified spirit made up to one litre) rejecting the washtugs. The 
filter paper with the washed precipitate is replaced in the beaker with water 
and left on the hot plate at 60°C. for fifteen minutes to ensure the removal of 
the ammonia* After cooling an excess of N/10 hydrochloric acid is run into 
the beaker from a mioro-^burette, usually 5 c.c; suffice ; 30 c.c. of hot water are 
poured on and this is followed by three drops of a solution of cochineal (1 
part crushed beetles digested with 10 parts of 25 per cent alcohol and filtered). 
After five minutes the Kquid is titrated with NjlO caustic soda yellow to 
purple. A blank is carried out, using a piece of the filter paper for each series 
of estimations. 
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(i^/lOMaOH x l*21=:=mg. Mg) 

The method is tested : — 



Quantifcies of Mg taken 



Quantities 

recovered 

(mg.) 








(mg.) 

I.'O . 




• 

, 

. 

, 

1.08 

1*0 








1.02 

2.0 . 


, 


. • 

• 


« 

2.06 

2*0 








2.06 

4.0 . 

m 






. 

3.86 

4*0 








3.91 


Iron . — ^Total iron is determined by the thioglycollic acid method as sug- 
gested by Lyons [1927], The solution is first tested qualitatively. From the 
intensity of the colour obtained the approximate concentration may be asses- 
sed. The dilution is then adjusted to about 1 : 500,000. At this dilution 
the colours obtained are very easy to match. The solution prepared for test- 
ing is then transferred to a test-tube marked at 5 c.c. volume. To this is now 
added one drop of thioglycollic acid and 0*5 c.c. of concentrated aqueous 
ammonia. The colour produced is then compared with standards of known 
concentration by means of a Hellige wedge colorimeter. 

Quantities of Fe taken Quantities 

of Fe 
recovered 


• (mg.) (mg.) 

0.1 0.110 

0-1 0.110 

0-1 0.098 

0.2 0.200 

0*2 0.220 

0-2 0.190 

0.6 0.620 

0*5 0.500 

0*5 0.490 

Aluminium.— Mnmixdum (1*0-20 p.p.m.) is determined directly with a 
colorimeter, if the solution is clear, by aluminon method [1936]. Quantities 
between 0*02 and 1-0 parts per million are best measured by comparison with 
standard in flat-bottom specimen tubes, using three drops of reagent for 5 c.c. 
of test solution. 

The test solution after treatment with the reagent is made up to a definite 
volume, say 5 c.c., in a test tube. It is then well agitated, heated for five min- 
utes at lOO^O. in an evenly heated water-bath and allowed to cool slowly to 
room temperature. 

However, if the test solution is rich in organic matter and calcium sul- 
phate, a simple pre-treatment of the solution is made. Twenty c.c. of the 
solution are taken in a small silica basin, dried and ignited very gently. If 
manganese be present the ash is treated with five drops of hydrogen peroxide, 
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a few c.c. of water, and 2 c.c. of concentrated nitric acid and dried again, and 
further heated at 105° 0. for twenty minutes or at 165° C. for five minutes. 
Extraction is made with one c.c. of dilute nitric acid (1 : 50). If calcium sul- 
phate is seen at the bottom, it is removed by filtration or centrifuging. 


I • A Hellige wedge colorimeter is used in most cases. 

Iron, if present in great excess, interferes in the determination. The so- 
lution containing large excess of iron is treated for about five seconds with 
hydrogen sulphide before putting in the aluminon reagent. Iron, in this 
manner, is made absolutely inactive, and the aluminium recation is in no way 



influenced by hydrogen sulphide. 

Preparation of aluminon reagent 
Alirmmiuin aurin tricarboxylate .... 0.75 grm. 

Axcunoniimi acetate ...... 200.00 gnn. 

Gum acacia ........ 15.00 gnn. 

Cone. HCl A. R 189.00 c.c. 

The components are dissolved separately, the gum acacia being filtered through 
filter paper, the whole being mixed and diluted to 1,500 c.c. 

Standard aluminium solution , — 1 • 3662 grm. of Al 2 (S 04 )ij. (ISH^O, A. R.) 
crystals are dissolved in a few c.c. of water with 2 c.c. of concentrated hydro- 
chloric acid (A. R.). The volume is made to 500 c.c. This gives 221-2 p.p.m. 
aluminium. The solution is further diluted twenty-five times to get 8*85 p.p.m. 
aluminium. 

Chenery [1936] has found that free aluminium cannot be detected in nor- 
mal soil solutions of pH values between 6 • 7 and 7*5; within a certain range of 
pH the lower the pH the higher the aluminium content ; the concentration of 
other ions had a marked effect on the aluminium content at any given reaction. 
Accuracy of the method has been tested (4 replications) : — 

A1 taken A1 

recovered 
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Alkalinikj {or N a. f JO. ^). — Tins is estimated by evaporating a certain 
volume of soil solution to dryness and extracting the residual with a few c.c. 
of warm water. The titration is made with NjlOQ hydrocholrie acid using 
phenolphthalein as indicator. 

1 c.c. NjlOQ H'Cl=l-08 mg. NagCOg 

Total carbonate in soil. — ^This is determined by CoUins’ Calcimeter [1906]. 

► Nitrogen. — This exists in three main forms in the soil and its solution ; as 

ammonia, as nitrate, and as organic nitrogen. For all the nitrogen deter- 
minations the mioro-Kjeldahl still of Pregl [1937] is used. 

Ammonia. — In this case the solution (about 5 c.c.) is distilled in the ordi- 
nary way with 10 c.c. of a 10 per cent magnesia suspension into NfldO acid. 
When there was trouble due to frothing in the distillation with magnesia sus- 
pension, it was replaced with 3 c.c. of 40 per cent magnesium sulphate solution 
plus one c.c. of caustic soda 30 jier cent solution with 5 per cent sodium thio- 
sulphate. In this way satisfactory results were obtained. 

Nitrate. — ^In actual practice ammonia and nitrate have been determined 
together and the amount of ammonia found taken off gives the net value for 
the nitrate present in the sample. 

, The nitrate is, in the first instance, reduced to ammonia by the iron reduc- 

tion method. 0 • 2 grm. of reduced iron Kahlbaum is added to the solution and 

2 c.c. of sulphuric acid (1 : 1) are then carefully pipetted in to rinse down afi the 

iron particles adhering to the neck of micro-Kjeldahl flask. The flask is shaken 
and stood for five minutes. It is then slightly warmed till the digestion is 
complete and the solution quite clear. The distillation is carried out as above. 

Organic nitrogen. — This form of nitrogen as well has been obtained by dif- 
fernce between total nitrogen and ammonia plus nitrate. In estimating total 
nitrogen the procedure is similar to that mentioned above up to digestion with 
reduced iron. Thereafter the material is treated with one drop of sodium 
selenite or selenium oxychloride and 2 c.c. of concentrated sulphuric acid. The 
digestion is carried out carefully to avoid bumping. The flask is kept steady 
by means of a lead ring round its neck. The distillation is carried out with 
16-18 c.c. of 30 per cent caustic soda mixed solution into iV/100 hydrochloric 
acid. The accuracy of the methods is tested with following results : 

1. Ammonia {N) {A. B. ammonium sulphate solution u.sed) 

Nitrogen taken 0'211 mg. in duplicate. 

Nitrogen recovered. 

(а) Distillation with 10 c.c. of 10 per cent MgO suspension . . . 

(б) Distillation with 3 o.o. of 40 per cent MgSO^ solution with a 1 c.c. 
of 30 per cent NaOH solution 


mg. 

0-205 

0-206 


0-204 

0-207 



P 
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2, Nitrate (N) (A^ E, potassium nitrate solution used). 
Nitrogen taken 0-277 mg. in duplicate. 

Nitrogen recovered — 

(a) Distillation with 10 c.c. of 10 per cent MgO suspension 

(h) Distillation with 5 c.c. MgS 04 (40 percent solution) with 6 c.c. of 
30 per cent NaOH solution 

5. Total nitrogen in three forms : — 

Triplicate quantities taken : 

mg, 

N (as ammonium sulphate A. R.) . . . • 0-106 

N (as potassium nitrate A. R.) . . . • 0- 139 

N (as urea pure) . . . . . • • 0-233 


ii: "I 

it ' ‘ i| 

Iff ‘f; ' ! ^ ' 



Total nitrogen recovered : 

mg. 

0*482 

0-469 

0-475 

Phosphoric acid, — Phosphate has been determined by Deniges’ colori- 
metric method, using the Hellige colorimeter. The method as recommended by 
Parker and Pudge [1927] is followed — 

Preparation of the solution. — convenient quantity of soil solution (con- 
taining PO 4 from 2 to 14 mg.) is pipetted into a deep porcelain crucible. 
Two c.c. of dilute nitric acid are added and the solution evaporated on the hot 
plate at 60°C. The residue is heated very carefully, but sufficiently to ren- 
der organic matter insoluble. Pre-ignition in an electric oven at 160°-180°C. 
is preferable when calcium content is high. Risk of explosive ignition of cal- 
cium nitrate with organic matter is thus restricted. The material is then 
takenupin 0 - 2 c.c. of 5 per cent hydrochloric acid and washed into a measuring 
flask, adding 0- 1 c.c. of molybdic reagent and making up to the mark. If the 
solution is turbid it is cleared by centrifuging at 3,000 r.p.m. This is then 
treated with one drop of stannous chloride reagent and the blue colour develop- 
ed compared with standards similarly treated with molybdic and stannous 
chloride reagents. 

Calibration curves may be prepared from different standards which will 
afford an easy calculation of result. 

Ammonium molybdate reagent.— O hq hundred c.c. of 10 per cent ammo- 
nium molybdate solution are mixed with 300 c.c. of a 50 per cent (by volume) 
sulphuric acid. The acid must be free from arsenic and the reagent kept in 
the dark or stored in a brown bottle. 

Stannous chloride reagent.— Ho 0-1 grm. of powdered tin is added one 
drop of 4 per cent solution of copper sffiphate and 2-0 c.c. of concentrated 
hyffiochloric acid free from arsenic. The material is warmed to hasten the re- 
action and the reagent diluted to 10 o.c. This reagent must be prepared fresh 
every day. 
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Stmidard pJws 2 )Jmfe sohition. — 0-1433 grm, of potassium, diliydrogeii phos- 
phate is dissolved in distilled water and made to 1,000 c.c. iii'a measuring fl.ask. 
This is protected with a thin layer of toluene. The solution contains 100 
p.p.m. of phosphate. Dilutions are made according to the standard desired. 

Potassium . — The silver cobalti-nitrite method for the micro- determina- 
tion of potassium (0-02 to 0 - 8 mg.) in soil solutions as worked out by Ismail and 
Harwood [1937] has been adopted by this department. 

The method described has been tested and found to give accurate results 
for amounts of potassium between 0-02 mg. and 0-8 mg. 

In the case of saline soils, 'which are exceedingly rich in potassium, very 
small volumes, 0-1 c.c. to 1*0 c.c., are taken for the determination or else the 
amount of potassium exceeds the range (0-02 — 0- 8 grm.) of determination. It 
has been found that the chlorine content of the solution, which is easier to know, 
gives a rough index of the potassium content of the solution. On knowing the 
chlorine content one could decide the volume of the solution to be taken for 
the determination of potassium to be within the range of the determination. 

Trom general experience, the following table has been prepared to serve in 
Judging the volume of solution to be employed in the determination 


Cl p.p.m. 






VoL of s.s 
in c.c. 

10-25 




. 


5 

25-100 

, 





. . 2 

100-250 






1 

250-600 






0*5 

600-5000 






0*2 

5000-10000 . 






0*1 


However, these should be considered as very approximate figures, as it k 
observed that salt-affected unleaehed soils are exceedingly high in potash 
content, while leached soils are very much poorer in the same. 

Data to show the accuracy of the method of potassium determination 
(K as KNO^ A. B) 


Quantities of K taken in duplicate Quantities 

ofK 

recovered 


(mg.) (mg.) 

0*02 0*022 

0*020 

0*05 0*054 

0*049 

0-10 . . ... . . . . 0*092 

0*120 

0*20 . . . 0-204 

0*202 

0*40 . . 0*390 

0*398 
0*756 
0*786 


0*80 . 
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K as (KNO3 A. E.) ill presence of 5 c.c. of Slough (England) soil solution. 

Quantities taken of K in duplicate Quantities*^ 

of K 

recovered 


(mg.) 

0*05 

0*10 

0-20 


(mg.) 
0*044 
0*048 
0 * 102 
0*096 
0*188 
0*196 


Hydrogen-ion concentration (pJ?). — Quinliydi’one electrometric method has 
been followed in the case of Devon soils, while colorimetric method has been 
adopted in the case of alluvial calcareous soils from Sind. 

(1) The quinhy drone electrode portable apparatus is described and de- 
signed by Brown and Broom [1929]. 

Standards were : — 

0 * 2 N sodium acetate 

0*2 N acetic acid 

9 c.c. acid plus 1 c.c. acetate gave 3* 72 pH 

1 c.c. acid plus 9 e.c. acetate gave 5*57 pH 

The order of accuracy of the method was 0*02 pH. 

(2) For the determination of pH values of soil solutions colorimetrically 
two apparatuses have been used : — 

{a) The B. D, H. capillator, and 

(6) The Lovibond Comparator. 

Soil moisture . — ^Moisture is determined by heating 5 to 10 grm. of soil in 
a well ventilated electric or air oven at 105°C. for twenty -four hours. 

Sodium was determined by the colorimetric method mentioned in a pre- 
vious publication [Mulwani and Pollard, 1937]. This procedure is further 
simplified in case of saline soils as the solutions of these soils are absolutely 
free from acidity and contain little phosphate or organic matter to 
interfere in the precipitation of sodium uranyl zinc acetate. Treatments 
with alcoholic zinc acetate-hydroxide as given by McCance and Ship [1931] 
has been found unnecessary in case of saline soils. 


*Tli@se quantities are net after deducting the quantity of K in the soil solution. 
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A comparison of original McGance and Ship’s detailed and the authors’ 


simplified methods yielded following results 




Mg, of sodiiim taken 

1 Mg. of sodium recovered 

I 

l(i) McCance 
i detailed 

1 method 

1 

i Mean 
j value 

(ii) Simpli- 
fied 

method 

Mean 

value 

0-039S 

0*038 (2) 


0-039 (6) 



0*039 (8) 


0*038 (9) 



0-038 (8) 


0*039 (8) 



0-039 (6) 

0*039 (1) 

0*039 (3) 

0*039 (4) 

0-0786 

0*077 (7) 


0*078 (2) 



0*078 (4) 


0*078 (2) 



0*078(1) 


0-079 (0) 



0*079 (0) 

0*078 (3) 

0*078 (6) 

0*078 (5) 

0*1180 . 

0*117 (1) 


0*117 (6) 





0*118 (8) 



0*117 (7) 


0-118 (6) 



0*118(0) 

0*117 (6) 

0-117 (8) 

0*118 (2) 

0*1570 

0*15 (7) 


0-16(8) 1 



0*15(8) 


0-15(6) 1 

j 



0*15 (7) 


0*15(8) 



0*15 (8) 

0*15 (8) 

0*16 (0) 

0*15 (8) 

0*2360 . . ... 

0*23 (6) 


0*23(4) 



0*23 (4) 


0*23 (8) 


I 

0*23 (5) 


0*23 (8) 



0*23 (5) 

0*23 (5) 

0*23 (8) 

0*23 (7) 


Thus it is seen that the simplified method is quite perfect. 
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IV. Soils used in the investigation 


Soils from Devon (England) and Sind (India) were examined tlirongli the 
consideration of their displaced solutions and corresponding water extracts. 
A brief description of each soil is given below : — 

^ (a) Devon 

The soil was originally received from Greenwell Farm and was under grass. 
High ammonia content (Table VII) was perhaps due to long storage. Mecha- 
nical composition of the soil is given : — 

per cent 

Course sand . . . • • • • • 13*42 

Fine sand . . . . . . . . 29*40 

Silt . . . 22*55 

Clay 

COjj <0*20 

Organic matter . . • • • • • 9*30 

Loss by solution . . . . * • • 1 ’ 45 

Composition of the soil solution (Table VII) shows that excepting potash, 
which is low, the soil is fairly rich in other constituents . It is acidic in reac tions . 


29*40 

22*55 

19*75 

< 0*20 

9*30 

1*45 


{b) Sind 

The soils, which are both made and maintained by the huge River Indus, 
are fertile. They are deep, calcareous alluviums, mostly loamy, with a low 
water-holding capacity and a very low humus content. As a result of succes- 
sive deposition and erosion by the Indus, the proportions of sand and clay 
vary considerably within even the smallest areas. The soil profile is unde- 
fined and structureless. A striking feature of these soils is their lack of uni- 
formity over any distance. A number of pits, which have been dug to a depth 
of 5 to 6 feet in a series of plots show distinct layers of soils deposited one over 
the other, the order of deposition being often different in different pits. In 
one of the pits the thickness of different layers and their arrangement was as 
follows [Tamhane and Daji, 1929] : — 


Layer 


Composition (per cent) 
Silt+clay Fine sand 


79*70 


20*30 
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The thickness and the nature of the layers, however, varies in different pits. 
Besides these differences of texture the soluble salt content (comprising mostly 
NaCl and Na^SOi) of each layer varies very markedly [Tamhane and Mul- 

wani, 1934]. 

It is obvious that the results obtained at one place cannot be applied to 
another place. This does not, however, mean that there is nothing of general 
importance. There are many things which are, in spite of the hetciogenity o 
the soil, found to be common in movement and storage of water and bases m 
these soils. The soils in general are slightly allialiiie in reaction. Iron, 
aluminium and manganese, therefore, do not appear in the solution of these 
soils. Phosphate also remains mostly in insoluble form. 

The rainfall is scanty, the average being 3 inches per annum, which is 
mostly received during the summer months in light showers. Under these 
soil and climatic conditions, the agriculture therefore depends entirely upon 
irrigation throughout the country. 

V. Experimental 

Attempt has been made to study the possibility of applying soil solutira 
methods to investigations of causes of soil exhaustion, deterioration and sub- 
sequently find out methods of soil amelioration and general improvement to 
permit normal plant growth. 

The work for the sake of simplicity and convenience has been divided into 
the following main sections 

(a) Co-relation between soil productivity and its soluble constituents. 
Soil conditions, under normal and poorer growths of ordinary farm crops, like 
wheat {Triticum sativum), Jowar {Sorghum Vulgare) and cotton (Gossypium 
neglectum), were examined through considerations of soil solutions, water and 
hydrochloric acid-extracts. 

(b) Comparison of displaced soil solutions and water extracts in the saline 
and alkaline soils, and 

(c) base-exchange reactions in soils. 

Each section is dealt with separately : — 

(a) Soil solution vs. soil productivity 

Soils of known productivity in the field which were free from injurious 
salts were taken up and examined through considerations of soil solutions, 
water extracts and chemical analyses respectively. The results of the analy- 
ses have been put up in Tables I (a) and I (b). 



T —Traces. 

(Columns 1-5, figures expressed on oven-dry soil) 
AH soils are more or less of similar texture. 
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Table I (6) 

Ca-Na, Ga-Mg mid Na-K ratios in displaced soil solutions and corresponding 
water extracts from soils of hnorvn productivity (Table la) 


Displaced soil solution 


1 : 5 water extract 



Ca : m 

Ca : Mg 

Na: K 

Ca : Na 

Ca ; Mg 

Na J K 



Soils under wheat 



A . . . 

0-66 

0-66 

3-00 

3*00 

3-00 

1*00 

B . . . . . 

1-00 

1*50 

3*00 

2*66 

2*66 

1-60 

C 

1-20 

1*50 

2-60 

2-80 

3*50 

1*66 

D . . . . . 

2*00 

1*60 

2-00 

3*00 

3*00 

0*80 

E . . ... 

4-00 

3*0 

1*00 

3*10 

3-66 

1*75 

F . . . . . 1 

6*00 

5*0 

0*75 

2-60 1 

3*66 j 

1*60 



Soils under jowar 



G 

0*75 , 

1*0 

4*00 

3*00 

6*00 

0*50 

H 

1-00 : 

2*0 

4*00 

1-33 

1*33 

0*76 

I 

2-00 

1 

2*5 

1*25 

2*75 

4*40 

0*66 

J . 

1 6*00 

6*00 

0*60 

3*33 

5*00 

0*60 



Soils under cotton 



K 

0*50 

roo 

6*00 

2-00 

8*00 

2*0 

L 

I 4*75 

! 

6*33 

0*66 

3*66 

1 

5*50 

0*6 


Table I (a) presents values for total soluble matter and pH ; soluble plant 
food ingredients and bases both from soil solution and water extracts are also 
given. The data is self-explanatory. Definite co-relation between tbe compo- 
sition of soil solution and plant performance is established. Water extracts 
on the other hand fail to give any information about the soil productivity. 
Taking each determmation separately it is observed (i) that the increased total 
soluble matter as represented by the displaced soil solution agrees closely with 
the corresponding increases in the yield of crops whereas no such agreement 
is exhibited by the water extract of these soils. Water extracts in general 
represent larger amounts of soluble matter, (ii) Calcium of the soil solution 
increases with the soil productivity whereas calcium of extracts is somewhat 
misleading, e.g., soil (K) which is inferior to (L) has yielded higher calcium 
in extract ; similar discrepancies are shown by the extracts in (E) 
and (E) soils and also in (I) and (J). (Hi) Increase of potassium 
in soil solution corresponds with the increase in the yield of crops 
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whereas extracts fail to show such regularity, (iv) Though the differences 
between the magnesium contents are not remarkable it is observed 
that its ratio with calcium (Ca : Mg) m soil solutions as ^ shown ^ in Table 
1(6) is a good indicator of soil fertility. Calcium-magnesium ratio of the 
soil solution increases with the soil fertility. This is not seen in case of water 
extracts, (v) Sodium of the displaced solution tends to decrease with the 
richness of the soil. Water extracts show higher sodium content. Sochum 
values help in forming useful ratios such as calcium-sodium and sodium- 
potassium in soil solutions, the former increasing with increase in fertility 
and the latter decreasing. Water extracts are less reliable in this connection. 
(vi) Nitric nitrogen, both in case of soil solutions and extracts, shows higher 
with higher yields. Water extracts appear to draw out more of nitrate, (vii) 
Soil solution phosphate figures agree with the productivity of the soil, whereas 
the water extracts fail to show such relationship. On the other hand larger 
quantities of phosphates are shown by the extracts than what actually are 
available for the use of plants in the soil, (vni) pH values of the soil solutions 
yield very useful information and agree with calcium-sodium ratio. Water 
extracts on the other hand show great discrepancies about it. With a view to 
judge the soil solution data as shown in Table_ 1 (a) and compare it with the 
standard chemical analyses all the twelve soil samples (A-L) were subjected 
to various fertility constituent determinations, such as total nitrogen, potash, 
phosphoric acid and lime content. The results of analyses, as shown in Table 
II, fail to give any useful information with regard to the crop-yielding 
capacity of the soil. 

Table II 

Chemical analyses of {A-L) soils for total soil-fertility ingredients 


Soil 

. 

Total 
nitrogen 
per cent 

K^O 
per cent 

1*205 
per cent 

Ca 

per cent 

... -. 

A . . . .... 

0*06 

0*5 

0*15 

6*92 

B . . . . . . . 

0-05 

0*7 

0*15 

5*89 

C 

0-05 

0*5 

0*24 

7*14 

D . . 

0-04 

0*6 

0-18 

5*08 

E . . 

0-06 

1*1 

0-32 

7-06 

F . ■ . 

006 

0*7 

0*25 

6-24 

G . " ■■ . ■ .1 

0*05 

0*6 

0 * IH 

6*22 

H . . ’ 

0*06 

0*4 

0*08 

6*88 

I . . 

0-05 

1*4 

0*31 

7*20 

J . . . . ' . . 

0-06 

0*9 

0*22 

6*02 

K . ... 

0*06 

1 * 3 

0*42 

7*18 

L . . . .... 

0-06 

1*0 

0*38 

6*82 


Total nitrogen was detennined by Kjeldahl-Gunning Jodlbaner process. 
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Even the poorer soils appear to be fairly rich in the main reserved plant 
food ingredients.. This data does not exactly inform ns which of the soils 
lack, in available plant food material. The soil solution data see.ni to rightly 
apply to the immediate productivity of the soils. 

(b) Composition of displaced soil solution and water extracts in the saline afid 

alkaline soils 

It is customary in detecting excessive salinity in saline and alkaline soils 
of various countries to utilise 1 : 5 water extracts for the purpose and to set out 
as limits of safety the values as under — 

Total soluble solids not more than 5,000 p.p.m. on dry soil. 

NaCl not more than 2,000 p.p.m. 

Ca not less than 500 p.p.m. of which not less than 100 p.p.m. occurs as 
carbonate. 

As noted in the introduction to this paper, considerable divergencies are 
probable between the amounts of soluble matter in soils determined by means of 
soil extracts and those determined with soil solutions. In order to have more 
definite idea of these divergencies in case of alkali and saline soils three typical 
salt-afFected soils were examined and the data obtained is shown in Table III. 

Table III 


Composition of displaced soil solution and of water extracts of varying soil-waier 
ratios in {a) alkaline soil, (6) medium alkaline soil and (c) saline soil 


Soil : water ratio 

1 

Total ‘ 

soluble 

matter 

2 

Ca 

3 

Mg 

4 1 
Xa i 

5 

K 

6 

KaaCOg 

PO, 

Ca : Xa 
ratio 

Ca : Mg 
ratio 

Xa : IC 
ratio 

pU 


Soil solution 1 





■ 









at 18 i)er i. 














cent mois- [ 














ture . j 

25,015 

105 

120 

4,280 

318 

864 

T 

0*02 

0*87 

13*5 

9*8 



100 ; 18 












.s 


1 : 1 . 

25,218 

220 

125 

4,018 

444 

401 

0*2 

0*05 

1*76 

9*1 

9*1 

< 


1:2*5 

36,714 

650 

156 

3,915 

616 

45 

1*2 

0-16 

4*17 

6*4 

8*5 

3 


1:5. 

42,516 

2,284 

202 

3,902 

892 

Ml 

2*2 

0*58 

11*30 

4*4 

7*6 



1 : 10 

46,412 

2,842 

226 

3,864 

926 

Ml 

4-0 

0*73 

12*6 

4*2 

7*6 



Soil solution \ 













100 : 15 / 

18,370 

124 

IIS 

3,892 

298 ' 

212 

0*4 

0*03 

1*05 ; 

13*06 

9*2 


A 

% 

1:1. 

25,672 

427 

124 

4,064 

388 

84 

0*4 

0*15 

3*44' 

10*5 

8*9 


1:5. 

32,544 

2,596 

216 

3,964 

578 

Ml 

! 2-0 

0*65 

12*02 ; 

6*9 

1 7-5 . 















oS 

1 : 10 

38,484 

3,016 

248 

4,118 

784 

Ml 

1 4*0 

0 * 73 

12*16 ■ 

5*3 

■ 7*4 



Soil solution \ 





1 


1 




j 

"o 

ca 


100 : 16 / 

13,029 

141 

133 

3,773 

275 

63 

! 0*2 

0*04 

1*0 

13*7 

j 8*9 

© 

0 


1:1. 

12,760 

554 J 

80 

3,537 

394 

Ml 

0*2 

0*16 

7*0 

; 9*0 

1 7*8 

& 

m 


1:5. 

21,820 

2,164 

140 

3 537 

570 

mi 

4*0 

0*61 

15*5 

! 6*2 

I 7*6 



1 : 10 

31,550 

4,068 

158 

3,520 

737 

Ml 

6*0 

1*17 

25*5 

4*6 

! 7*0 

i 


(Figures (1 to 7) expressed as parts per million on oven-dry soil) 
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With the widening of the soil-water ratio there is a marked increase in 
the apparent values of the soluble calcium, potassium, phosphate and total 
soluble matter, a less marked increase in magnesium and no change in sodium. 
The values for base ratios, calcium-sodium and calcium-magnesium, increase 
and those for sodium-potassium decrease rapidly as the proportion of water 
used is increased. 

A further point of interest is that high alkalinity due to sodium carbonate 
shown in soil solution analyses disappears in the soil extracts. Presumably at 
the greater dilution precipitation of calcium and/or magnesium carbonate takes 
place ; also the high calcium content of the water extract tend to suppress disso- 
ciation of the sodium clay and the consequent formation of sodium carbonate. 
The phosphate of the extracts is correspondingly higher than' that of the soil 
solution. 

There seems no continuity between the variations in values obtained with 
the diOFerent soils in water extracts and that appearing in the soil solutions. 

The combined experience of other workers in this department and else- 
where points out to the fact that the proportionality between values obtained 
with the soil solution and those with any particular soil-w^ater ratio differ from 
soil to soil and in the same soil as a result of different cultural or irrigational 
treatments. 

It seems, therefore, that the safety limits used in practice of water extracts 
are purely empirical, and their application to different soils is of doubtful 
value. The divergence between the pH and sodium carbonate content of soil 
solutions and of extracts may also lead to erroneous conclusions. Sodium 
carbonate and pH values of the soil solutions clearly indicate the dynamic 
aspects of saline and alkaline soils. Soil (a) which has shown higher sodium 
carbonate and pH values is evidently a sodium or alkaline soil and has persisted 
to remain barren even after heavier applications of lime and water in the field 
trials. Soil (c) with lower sodium carbonate and pH value is a saline soil 
and has been fully reclaimed on mere flooding with irrigation water. Soil 
(6) is a medium alkali type and has been reclaimed with great amount of diffi- 
culty and is yielding poorer crops. 

It is thus observed that it is clearly impossible to get this information from 
water extracts which do not show any differences with regard to degree of alka- 
lization. 

It is, however, suggested that the re-adjustment of base-exchange equili- 
brium occurring during the preparation of soil-water extracts could easily be 
compared with that taking place during irrigation and leaching. This matter 
will more comprehensively be dealt with later on. 

Analyses of water extracts prepared with a series of different sod-water 
ratios may therefore serve to forecast the results of irrigation With varying 
amounts of water. 
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(c) Base-exchange reactions in soils 

The importance of exchangeable bases in soil needs no emphasis. It is 
well known that a large amount of food material in soils for the use of plant>s 
resides in the exchangeable complex, and some of the most fertile soils are 
those rich in exchangeable bases. The knowledge of the nature and amount 
of exchangeable bases is of prime importance in all studies of the soil conditions 
and plant growth. 

These reactions are clearly understood in healthy and non-saline soils 
and several methods have been accurately fixed up for the determination 
of exchangeable bases. But these methods do not work well in case of saline 
and alkahne soils. This has also been supported by Hissink [1938]. 
The main reason has been the practice of determining exchangeable bases in 
such soils by subtracting the water-soluble bases, as found for example in 
aqueous extracts, from total bases which results in serious error. It should 
never be assumed that the water extract results are applicable to ordinary 
field conditions. It has been clearly shown in Tables I and III and elsewhere 
that the w’^ater extracts do not alw^ays give a true picture of the soil conditions 
and in many cases the analyses are not sufficiently reliable for accurate inter- 
pretations. The proportional and absolute amounts of bases in water ex- 
tracts are quite different from those of the displaced solutions [Burgess, 
1922]. This fact has to be remembered at all stages in base exchange studies. 

As mentioned before, Eaton and Sokoloff [ 1935] showed that the propor- 
tional and absolute amounts of sodium present in aqueous extracts of their soils 
were higher than those in displaced soil solutions. While the proportion of 
calcium is lower in extracts than in displaced solutions. The most satisfac- 
tory explanation of tliis phenomenon given is that a cation-exchange reaction 
takes place when the water-soil ratio is increased. In this exchange, calcium 
enters the absorbing complex and sodium is liberated. 

However, in the case of saline or alkaline soils containing calcium carbo- 
nate, as shown in Table III, the amounts of calcium tends to increase with the 
dilution. ISTew calcium is liberated into solution on dilution from the soil 
complex, whereas sodium which is in excess is not much affected. 

Such reactions appear to remain depressed under optimum or lower 
moisture content of the soil as shown by the previous data and as also seen from 
the following experiment. 

A healthy normal soil was taken up and treated with 1 • 0 per cent sodium 
chloride and equivalent amounts of sodium sulphate (1*22 per cent) and sodi- 
um carbonate (0*91 per cent) to find out the influence of these salts on the 
soil through considerations of the differences in the displaced soil solutions and 
corresponding water extracts with 1 : 5 soil-water ratio. 

Batches of two kilos of moistened soil were mixed in 1*0 per cent sodium 
chloride, 1*22 per cent sodium sulphate and 0*91 per cent sodium carbonate 
respectively and stored in lightly covered basins for a week to ensure that 




494 



THE INDIAN JOUBNAL OF AGBICULTUBAL SCIENCE [IX, Ht 

a condition of base equilibrium was attained. In general practice, soils con- 
taining 0*5 per cent sodium chloride or sodium sulphate yield satisfactory 
crops after heavy irrigations. Those containing 1-0 per cent and upward 
are definitely harmful. Sodium carbonate is injurious even in very small 
amounts. The results obtained from the soil solutions and from water extracts 
with 1 : 6 soil-water ratio are shown in Table IV . 

Table IV 

Base-exchttnge reactions in soil on applicution of salts ayid water 


{Figures expressed as p^p-m, on dry soil ; values and Ca : Na ratio) 


Soil 

Soil : water 

Total 

soluble 

matter 

Ca 

Mg 

Xa 

1 

Ca:Na* 
ratio j 

XasCOs 1 
1 

! 

Original (untreated) . 

Displaced s.jil soln. . 

1,116 

; 145 

32 

31 

46 j 

i 

4-7 

! 

Nil \ 

7-3 

A 

1 : 5 extract . 

1,946 

248 

58 

55 

94 

i 4.5 

Nil 

7-4 

Same with 1 per cent . 

Displaced soil soln. 

10,990 

1 178 

40 

3,934 

59 

0-04 

T 

7-6 

B 

NaCi .... 

1 : 5 extract . 

14,486 

: 1,582 ; 

96 

3,640 

508 

0-43 

Nil 

7-4 

With 1-22 per cent 

Displaced soil soln. 

12,880 

171 

^ 42 

3,918 

62 

0*04 

T i 

7-5 










XasSOi (equivalent of 
1 per cent NaCi) 

1 : 5 extract . 

16,265 

1,565 

102 

3,690 

550 

0-42 

Nil 

7*4 

With 0-91 per cent 

Displaced soil soltt*. 

10,010 ! 

68 

' 24 

3,925 

^ 54 

0-017 

j 8,992 

11-9 

NajCO !j (equivalent of 





3,070 

486 


1 6,014 

9*2 

1-0 per cent NaCl) . 

1 : 5 extract . 

14,208 

102 

1 60 

0*03 


The data presented under A in Table IV show that the extract brings out 
comparatively larger total soluble matter and other bases even from untreated 
healthy soil. These reactions, due to base-exchange phenomenon, are very 
much accelerated on extraction with sodium chloride and sodium, sulphate. Cal- 
cium and potassium represented by the extract are about nine times higher than 
that of soil solution with sodium chloride or sodium sulphate (B and C). The 
increase in calcium on extraction correspondingly increases calcium-sodium 
ratio. Na reactions could be examined by substituting ammonium salts 
instead of sodium salts in the base exchange. Hissinks method is based on 
these principles of base exchange but applies only to soils which are free from 
salts. 

(D) Solubility of calcium and magnesium, however, remains depressed on 
treatment with 0*91 per cent sodium carbonate both in displaced soil solution 
and in extract. This is due to double reaction, viz,y usual displacement of 
calcium and magnesium in first stage and subsequent precipitation of these 
with the excess of sodium carbontate in second stage. This is confirmed by 
reduction in sodium carbonate, calcium -sodium ratio and of water extracts. 

This double reaction of sodium carbonate was critically examined through 
considerations of displaced soil solutions and water extracts of the same healthy 
soO on treatment with smaller amounts of sodium carbonate. The soil was 
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treated with O-Oi, 0*10, 0*2 and 0*3 per cent sodium carbonate respectively 
and kept moist exactly as done in previous case. Results of analyses as given 
in table V clearly show that sodium carbonate added to the soil h more or less 
completely recovered in all cases of displaced soil solutions. Water extracts 
fail to give fully the amounts of all the sodium carbonate added to the soil. It 
is evident that sodium carbonate up to certain limit is precipitated by the dis- 
placed lime on extraction. Calcium displaced in sodium carbonate treatment 
up to 0*1 per cent is more than sufficient to precipitate all this amount of 
sodium carbonate. Consequently the water extract with 0* 1 per cent sodium 
carbonate treatment neither shows any presence of sodium carbonate nor any 
rise in j)H. Excess of sodium carbonate, however, depresses the solubility of 
calcium or partly utilises the displaced lime in its partial precipitation. This 
double reaction is therefore responsible for the reduction in recovery of sodium 
carbonate in water extracts. 


Table V 

Effects of different concentrations of Na^ on normal soil 


{Figures expressed^ as p.p.m on dry soil) 


Treatment 

Soil : Water 

Total 

soluble 

matter 

Ca 

Mg 

Na 


Ca : Xa 
ratio 

XasCOs 

pH 

ii) Original healthy soil . 

Displaced Soil Soln. 

1,116 

145 

32 

31 

46 

4-7 

Ml 

7-3 


1 : 5 extract 

1,946 

248 

58 

55 

94 

4-5 

mi 

7-4 

{ii) Same with 0*01 percent 
NasCOs 

Displaced Soil Soln. 

1,186 

130 

30 

79 

50 

1-7 

89 

8*2 

(i.e., 100 p.p-m.) 

1 : 5 extract . 

1,224 

890 

74 

83 

114 

10*7 

mi 

7*3 

(Hi) With 0*1 per cent 
Na,CO., 

1 Displaced Soil Soln. 

2,054 

114 ; 

30 

1 482 

50 

0*24 ; 

951 

9-4 

(i.e., 1,000 p.p.m.) 

i 1 : 5 extract . 

2,482 

1,497 : 

98 

448 i 

290 

3-34 

Nil 

7-7' 

(w) With 0-2 per cent 
XasCO, . 

Displaced Soil Soln. 

3,078 

no 

30 

914 

, 52 

i ’ 

1 0-12 

1,900 

10*1 

(i.e., 2,000 p.p.m.) 

1 

1 ; 5 extract . 

4,418 

224 

70 

865 

310 

1 0-26 

804 

8*8 

(v) With 0*3 per cent 
XajCOs . 

Displaced Soil Soln. 

4,024 

88 

28 

1,227 

52 

0'07 

2,832 

10*9 

(i.e.t 3,000 p.p.m.) 

j 1 : 5 extract . . j 

i 5,892 

108 

66 

1,025 

396 

1 OUl 

1,704 

9*2 


It is interesting to note that the displaced soil solution presents true condi- 
tion of the degree of salinization or alkalization, calcium-sodium ratio and 
pH values which will not be possible with wate? extracts. 

These base-exchange reactions suggested to know exactly the Ca status 
in soils in absence or presence of salts. An attempt has therefore been made to 
find out exchangeable calcium in saline and non-saline soil through considera- 
tions of soluble calcium both in soil solutions and water extracts. Three 
^oils ; — one normal, second artificially salted and the third natural alkaline 
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soil were taken up for the study and the data obtained were given below in 
Table VI. 

Table VI 

Comparison of soil soMions and water extracts in the determination of exchange- 

able Ca in 

(a) nofMalJiealthy soil {Table IV). 

{b) artificially salted {1 per cent Nad) soil {Table IV). 

(c) Natural alJcaline soil {Table III). 

V / . -inn „ -..’T V 




(i) Soluble 
Ca 

(ii) Total 
(Sol+Ex) 

{ii4) {Hi) 
Exch Ca 

{iv) Exeh 
CaM. E. 

Soil (a) 

f Displaced soil soln. 

'(1:5 Extract 

146 

248 

1,810 

1,665 

1,682 

4*16 

3*95 

Soil (6) 

( Displaced soil soln. 

(1:5 Extract . • • 

178 

1,582 

1,810 

1,632 

228 

4-08 

0“57 

Soil (c) 

^ Displaced soil soln. 

( 1 : 5 Extract/ .... 

105 

2,248 

3,025 

2,940 

741 

• 1 j , : 

4'82 

0-18 

1 JT _ . _ J I. - 


The data amply mamiests rnar me rescivc 
soil and comes in solution due to base exchange on treatment with a sodium 
salt This reaction is very much enhanced in presence of larger quantities of 
water. In 1: 5 extract of the artificially salted soil (6) we observe that the ex- 
changeable calcium is reduced from 4-08 to 0-57 m.e. per 100 grms. of soil. 
This reduction is evidently due to the liberation of absorbed c^ciuni m the 
soil and going in solution due to the presence of salt and water. Deterioration 
of some of the healthy soils on salt intrusion occurs mainly due to this pheno- 
menon Calcium is leached out from the soil on fiooding or irrigation resultmg 
into sodium soils. Unless large reserves of finely and weU distributed calcium 
carbonate are present the soil becomes practically unfit for cultivation and plant 
growth. 

Addition of soluble salts of calcium like calcium sulphate or calcium chlo- 
ride may at larger expenses recoup the lost calcium and help in reclamation of 
the deteriorated soils. Prevention is, therefore, always tetter than ome. The 
essential feature in the management of such irrigated lan(^ are totly the 
exclusion of sodium salts and secondly judicious use of irrigation water. 

In the final series it was sought to find out the influen^ of pure sodium 
chloride in different amounts on a healthy soil from Devon (England) tteoug 
the consideration of the differences in the displaced soil solutions Irom the ori- 
ginal soil and that from the salted samples. Figures of analyses obtamed are 
^hown below in Table VII, 
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Table VII 
Davon soil 


{p.p.m. on oven-dry soil and pH values) 


Treatment 

Ca 

Mg 

m 

K 

Fe 

Al 

Mil 

PO, 

pH 

XHs 

A— Original soil (untreated) 

30*1 

1*7 

80*4 

6*8 

Mil 

1*7 

6*0 

1*96 

5*9 

29 

B — ^With 0*5 per cent XaCl 

340*6 

258 

1,013 

36*37 

Mil 

■ 14*5 

76*5 

MU 

5*52 

84 

C— With 1 • 0 per cent XaCl 

398*0 

344 

2,085 

39*4 

Mil 

52*4 

99*3 

MU 

5*15 

93 

D—With 1*5 per cent XaCl 

612*6 

348 

3,192 

1 

40*8 

Mil 

52*4 

128*0 

MU 

4*90 

95 


equivalents 

p.p.m. 



Ca 

Mg 

Na 

K 

1*8 

0*14 

1*32 

0*174 

17*0 

21*30 

44*0 

0*938 

20*0 

28-40 

90*6 

1*010 

25*6 

28-76 

139*0 

1*043 


A — Original soil .... 

B — ^With 0*5 per cent ISTaCl . 

0 — With 1 * 0 per cent NaCl . 

B — With 1"5 per cent NaCl . 

It will be seen in general that the bases are brought into solution by 
sodium chloride ; values that are lowered down are due to, in the opinion 
of the writers, the following reaction : 

H-complex of the soil+NaCl-~>HCl+Na-complex. 

Increase in the dose of sodium chloride brings out an increased amount 
of calcium though it is not proportionate. In the case of potassium and 
magnesium the reaction is practically complete with one per cent sodium 
chloride. 


Examination of the sodium values shows that in the three salted soils 
the sodium concentration of the soil solution is increasing regularly mth the 
amount of sodium chloride added. Soil being acidic and unsaturated appears 
to adsorb sodium of sodium chloride. Even with the heavier treatments 
sodium still continues to disappear from solution since each increase of sodium 
chloride (0*5 per cent) represents 86 equivalents of sodium per million parts 
of dry soil, whereas the correspondent treatments in soil solution concentrations 
are equivalent to 47 equivalent parts per million of dry soil. 

Exchange reactions on magnesium and potassium appear to have ceased 
with the 1 • 0 per cent application. With 1*6 per cent salt, displacement 
of calcium from the clay complex and possibly to some extent from calcium 
carbonate present in the soil still continues together with that of aluminium 
and manganese. A more deep seated reaction than that of ordinary base 
exchange is thus indicated. 

pH changes are such as would be anticipated as the result of neutral salt 
additions to a normal soil of low calcium carbonate content. 

B 
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The disappearance of phosphate from the soil solution of salted soils is 
noteworthy, as also is the increased proportions .of A1 appearing in solution. 
It seems possible that aluminium liberated from the soil complex by the neutral 
salt action is causing the removal of phosphate as aluminium phosphate. As 
will be seen later, small amounts of phosphate in the soil solution are charac- 
teristic of Sind saline soils examined, but in this case there is a larger proportion 
of (approximately 10 per cent) calcium carbonate present. The Devon soil 
used in these tests has less than 0-2 per cent calcium carbonate. In order to 
facilitate compa rison with previous soils it was desirable to ascertain whether 
calcium carbonate affected the action of sodium chloride in decreasing the solu- 
bility of phosphate a further sample of the soil was mixed with 10 per cent of 
calcium carbonate and 1 • 0 per cent sodium chloride and the soil solution exami- 


mined after several days. 

Values obtained were 

Fe A1 

Mn 

PO, 

pH 

iJntreated soil 

mi 

1*8 

8*0 

2*1 

5*2 

Soil with 10 per cent CaCOg and 
1 per cent NaCl 

Nil 

Nil 

Nil 

Nil 

6*8 


In the presence of calcium carbonate, therefore, salt suppresses the solu- 
bility of phosphate and also that of aluminium and manganese. This condi- 
tion is also similar to that of Sind saline soils. Further, in view of these re- 
sults it appears unlikely that aluminium is concerned in the reduced phosphate 
solubility under saline conditions. 

VI. Discussions 

The main object of the research was to make a detailed inquiry into the 
status of soil solution and to study the application soil solution methods to 
investigation of causes of soil productivity, exhaustion or deterioration. Little 
or no information is available as to the composition of soil solutions from saline 
and arid region areas, and it appeared likely that the examination of soil solu- 
tions would yield information of value in this respect. The validity of this 
assumption is examined. For reasons aheady set out, the divergence, between 
the composition of soil solution and corresponding water extracts, is a matter 
of some importance if the values of soils are assumed to represent the actual 
soluble salt status of soils at the time of examination. This divergence has been 
established in a number of normal and salt affected soils. 

Data now presented show that in saline soils the difference between soil 
solutions and that of water extracts is particularly marked in the case of 
certain of the most important constituents, e,g,, calcium-sodium ratios, 
alkali carbonates, phosphate, etc. 

As a result, the actual status of the soil indicated by the two methods is 
vitally different. It is therefore believed that for this and other purposes as 
shown in foregoing pages the soil solution presents the better basis for considera- 
tion. The water extract method probably gives information from which 
|i forecast of the effects of leaching may be deduced. 
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In order to obtain information as to the primary effects of the presence of 
sodinm chloride in soils on the composition of the soil solution, a normal Eng- 
lish (Devon) soil was examined. As was to be expected the presence of sodium 
chloride resulted in the displacement of the principal bases, and their appearance 
ill the soil solution in increasing proportion. The difiFerence in the case of mag- 
nesium was very marked and the high values obtained conform to the recog- 
nised importance of magnesium salts in the toxicity of saline soils. The com- 
plete disappearance of phosphates from the soil solution following salt treat- 
ment falls into line with the fact, observed later on, that in soil solutions from 
saline soils little or no phosphate occurred. 

The appearance of iron, aluminium and manganese in large proportions in 
the soil solutions at first suggested that perhaps fixation of phosj>hate by one 
of the bases explained its disappearance from the soil solution. However, 
the natural saline soils examined contained 9-10 per cent calcium carbonate, 
whereas the salted Devon soils had very little reserve calcium carbonate. 
Addition of calcium carbonate with sodium chloride to this soil resulted, as 
before, in the disappearance of phosphate from the soil solution, but the latter 
now contained no iron, aluminium, or manganese. In the natural saline 
soils no iron, aluminium or manganese occur in the soil solutions. It 
seems unlikely, therefore, that the depression of phosphate solubility in saline 
soils can be attributed to the fixation of this kind. It is more probable that 
fixation is related to the high Ca content of the saline soils. 

Soil solution evidently helps in the determination of soil fertility and plant 
performance. Ratios such as calcium : sodium , calcium : magnesium and so- 
dium : potassium as presented by soil solution are valuable ; pH value, 
phosphate and nitrate content of the soil solution yield most satisfactory data 
on this point. No such agreement is exhibited by water extracts or even 
chemical analyses of soil for its total fertility constituents. 

Referring to saline and alkaline soils a further point of interest is that 
alkalinity due to the presence of sodium carbonate shown in soil solution analy- 
ses disappears in the water extracts. Presumably at the greater dilution preci- 
pitation of calcium and/or magnesium carbonate takes place ; also the high 
calcium content of water extract tends to suppress dissociation of the sodium 
clay, and the subsequent formation of sodium carbonate. This came to be 
true and was supported by evidence obtained under study of (c) 'Base-exchange 
reactions' and the data presented in Tables IV and V. Divergence betw^een 
the pH and sodium carbonate content of soil solutions and of extracts may 
therefore lead to erroneous conclusions. Sodium carbonate and pH values of 
the soil solutions clearly indicate the dynamic aspects of saline and alkaline 
soils. There seems no continuity between the variations in values obtained 
with the different soils from water extracts and that appearing in their 
displaced solutions. 

The combined experience of other workers and the writers points out to 
the fact that the proportionality betw^een values obtained with soil solution 
and those with any particular soil water ratio differ from soil to soil and in the 
same soil as a result of different cultural and irrigational treatments. 

B 2 
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It seems, therefore, that the safety hmits used in practice of water extracts 
are purely empirical and their application to different soils is of doubtful value. 

Comparison of soil solution and water extracts in the determination of 

exchangeable calcium and in examination of deteriorated soils has been 
made. Soil solution as said before gives the most reliable information. 

In general the action of salt and/or water in these experiments shows no 
exception to the fundamentals of base exchange phenomenon. 

VII. Summary 

No attempt wiU be made to give a detailed summary of aU the findings of 
the present investigation, the writers bemg content with drawmg attention 
only to the main conclusions. 

Description of a soil solution obtained from a soil of normal moisture content 
under field conditions is given. In comparison with the usual water extracts 
fl • 1 1 • S 1-10 etc.) the authors are very defimtely of the opimon that the 
^placed soil solution offers the most reliable inforination as to the water 
soluble constituents of sofi. Addition of a relativdy large quantity of water 
to a soil niust inevitably involve a very considerable shift of the sond-nqnid 
eauilibrium, and data obtained fi:om extracts are referable only to the cona- 
tions of extra,ction and have no bearing on the solid-liquid equilibrium tmder 
normal field conditions. The nature and proportion of the ^ssolved consti- 
tuents as represented by the soil solution and extracts do not show any paralle- 
lism in any individual soil. The discrepancies between the two methods 
become stiU more apparent when soils of different kmds are exammed. 

The composition of the displaced soil solution gives more or less a true 
representation of the liquid phase in soil and therefore forms the nutrient 
medium of the crop. The relative merits of the soil solution, ‘water extract and 
acid digestion method in determination of soil nutrient values have been 
discussed. 

Methods of obtaining the soil solution and estimating various bases, 

fertility ingredients and soil reactions (pH) on micro-scale, as followed in the 
investigation, have been examined and described. 

Possibility of applying soil solution methods to the examination of alka- 
line and saline soils has been established. Use of water extracts in assessing the 

proportions of harmful salts is definitely unsatisfactory. 

Determination of exchangeable calcium in alka-line and saline soils, soil 
deterioration in general, has been done through consideration of the displaced 
soil solution and the water extract in which also the soil solution method 
establishes its superiority. In general the action of salt and water in _ these 
experiments shows no exception to the fundamentals of base-exchange. 

Use of water extracts may help in forecasting the effects of leachings. 
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The soil solution approach to the stud j of some phases of plant nutrition;^ 
salt tolerance, and soil behaviour under field coiiditionsj, therefore offers some 
promise and seems worthy of investigation in this cbimection. 

The two minor disadvantages of the soil solution methods are (1) the time 
required for displacement and (2) the necessity ot using a large soil sample than 
is requhed by the w^ater extraction and other methods. The time factor is, 
however, best controlled by experience and care in packing the soil. About 
ten times (1*5 kilos approximately) as much soil must be used as is required 
for 1 : 5 water extract. These minor disadvantages are, however, greatly 
compensated by the recent advances in the det'elopment of micro-analyses 
which offer promise in this direction. A material reduction in the quantity 
of solution, required in the laboratory greatly minimises most of the practical 
difficulties and also remarkably reduces the time required for evaporation in 
all the determinations. 

VIII. IklTURE SCOPE OF WORK 

Authors suggest the use of soil solution methods to students of physical 
and bio-chemistry in the investigations of — 

(1) several soil defects co-related with some of the common diseases of 
the farm crops, 

(2) the movement of soil bases and fertility ingredients, 

(3) soil reactions and losses due to drainage, 

(4) nutrient requirements of crops, etc. 
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Many of the important phenomena taking place in the soil are in a large 
measure due to its colloids. In the present paper a critical study has 
been made of two important methods of estimation of total colloids in soils 
comprising both the organic and inorganic coUoids. The first section of this 
paper deals with the results of this work. In section II the soil-moisture rela- 
*> tionships for a number of soils containing varying amoxmts of colloidal material 

are discussed. 

I. Estimation ot total colloids 
Experimental 

i The two methods of estimation of total colloids that have been studied 

are the Hydrometer method due to Bouyoucos [1928] and the Adsorption or 
Ratio method [Davis, 1925], In the Hydrometer method dispersion was 
effected by means of a stirrer worked by a friction driven motor at about 3,000 
revolutions per minute after the addition of normal potassium hydroxide 
solution for deflocculating the coUoids. Pifty grams of soil were treated 
with 350 c. c. of water containing five c. c. of normal potassium hydroxide. 
A period of thirty minutes was used for complete dispersion. The suspension 
was made up to 1,000 c. c. and the reading of the hydrometer and the tempera- 
ture were noted. 

In the Ratio method, the adsorption of water vapour by the soils, when 
exposed to 3 • 3 per cent sulphuric acid in vacuum desiccators kept at a constant 
temperature of 30°C. in a thermostat for ninety-six hours, was determined. 

Pme coUoid was isolated by means of the Sharpie’s Centrifuge (Cenco, 
catalogue C. 227, p. 182) from a few soils and the adsorption by the pure 
colloids was also studied. The centrifuge was hand-driven, the speed of the 
yertical bowl being about 25,000 revolutions per minute. The suspension of 
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the GoUoid passing thi-ongh the centrifuge was then filtered through a Pasteux- 
Chamberland filter and the colloid retained by the filter coHected [Gile ei al., 

1924 |. 

The percentage of coUoids obtained by both the niethods together with 
the sum of the fine fractions, clay and silt as detommed by the International 
method [Keen, 1931] are giyen below m Table I [Kao, 1.93bJ. 

Table I 


No. 

Source 

Depth 

(inches) 

Colloids 

by 

Hydro- 
meter 
(per cent) 

Absorp- 
tion at 98 
per cent 
relative 
humidity 
moisture 
(per cent) 

Colloids 

by 

adsorp- 

tion 

(per cent) 

Clay 

(per cent) 
Inter- 
na,tional 
method 

Clay and 
silt 

(Inter- 
national 
method) 
'(per cent)" 

Percola- 
tion c. c. 
per hour 

1 

Aduturai , 

9—24 

11-0 

12*6 

42*0 

44*3 

59*6 

# 

2 

Anakapalle 

6 — 12 

12-6 

6*7 

22*3 

19*9 

32*1 

HI 

3 

Coimbatore (Cotton 

6—18 

18*3 

6*3 

21*0 

24*3 

30*6 

22*0 

4 

Breeding Station). 
Hagari (West) . 

12—24 

35*9 

17*9 

69*7 

46*2 

74*2 

3*7 

5 

Hosur B. No. 41 

6—18 

27*7 

7*4 1 

^ 24*7 

28*6 

35-8 

16*4 

6 

1 

Koilpatti (Bed) . . 

9—21 

27*1 

11*2 1 

37*3 

39*4 

41*7 

23*6 

7 

Balakuppam . 

6—18 

31*3 

10-0 i 

1 

33*3 

35*1 

38*5 


8 

Palur 

8—21 

17*8 

5* '8 i 

19*3 

17*0 

24*3 

♦ 


Percolation rates have been studied for some of these soils by the method 
due to Puri [1929] with the modification that brass cyhnders were used m place 
of the glass ones described by him. The average values of the percolatmn rates 
are included in Table I. They do not show py simple f 
clay or the sum of clay and silt. A rapid faU m the percolation f 
crease in the fine fractions was, however, noticeable m the case 
Hagari and Hosur. This lack of correlation betw^n the amount of clay and 
the rates of percolation js obviously due to the difference m nature and com- 
position of the soil colloids. ^ 

Assuming that soils containing 40 per cent and below as the value of the 
fine fractions, i.e., clay and silt together, to be hght ao^ and ^bose ha’5TOg 
above 60 per cent ‘ heavy ’ soils from the results in Table I it appears that . 

(a) for heavy soils the Hydrometer method gives a lower value of the 
colloid content than the Ratio method while for hght soils, the results obtain- 
ed by the two methods agree fairly well with the exception of the soil fro 

Anakapalle. . j • 

(b) the value of the total eoUoids obtained by the Adsorption method is 
much higher than the clay fraction in the case of a heavy soil hke Hagari, the 
Talue of the clay fraction being 46-2 per cent wbfre that of the cofioid content 
is 59 -7 per cent. The dispersion of the coUoid m the International ammon a 
method of mechanical analysis is pdssibly incomplete and a portion of tfie silt 
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fraction is composed of aggregates of colloidal material. Hence the pheno- 
menon of adsorption is shared by what is termed ‘ silt ’ in the International 
method. Alway [1925] believes that a portion of the colloids may be con 
tained even in the sand fraction. 

(c) the amount of water vapour absorbed by one gram of pure colloid 
extracted as described above by Sharpie’s Centrifuge from the black soils of 
Hagari and Coimbatore is found to be 0-29, a value in agreement with that 
reported by Robinson [1922] for other types of soils. 

Of all the soils examined, the black cotton soils of Hagari and Nandyal 
show the highest absorption at the different relative humidities {vide intra). 
These soils contain the highest amount of colloid material — a great part of 
which is inorganic in character. 

Further work on the chemical composition of the colloidal material isolat- 
ed from various soils is in progress. 

II. Hygeoscopic oapaoity of soils 

The hygroscopic absorption of water by soils which is dependent upon 
the coUoidal content has been studied for some soils at relative humidities of 
10 25, 50, 75, 90 and 98 per cent by the Vacuum desiccator method [Puri et al. 
1925]. Air-dried soils passed through 2 mm. sieves were exposed in squat 
form weighiug bottles in vacuum desiccators containing suitable mixtures of 
sulphuric acid and water [J. Ind. Eng. Chem., 1921] to give the required humi- 
dities. The period of exposure was ninety-six hours at 30°C. The figures for 
the moisture absorption for the soils at the different relative humidities are 
given in Table II. 


Table II 


No. 

Source 

Depth 

(inches) 

Moisture absorption at relative humidity 

10 

25 

50 

75 

90 

98 

1 

Aduturai . . ^ 

0—9 

2-0 

3*0 

5*1 

6*7 

9*8 

10*6 

2 

Anakapalle 

0—6 

1*5 

2*2 

3*5 

4*5 

6*0 

7*9 

3 

Hagari (West) . 

0—12 

3*3 i 

4*9 

7*4 

9*6 

11*6 

15*0 

4 

Hosur F. No. 41 

0—6 

0*5 j 

0*8 

1*2 

1*6 

2*8 

5*4 

5 

Nandyal . 

0—12 

3*2 1 

4*9 

1 7*6 

9*6 

1 12*0 

14*9 

6 

Falur 

0—8 

0*5 

0*7 

1*1 

1*3 

1*7 

2*4 

7 

Sheramankuliyur (Co- 

0—9 

0*4 

0*5 

1*0 

1*4 

2*2 

2*9 


imbatore Dt.) 
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In Fig. 1, the values of the hygroscopic capacities of the different soils are 
plotted against relative humidities. 



Moisture (per cent) 

Fig. 1. Vapour pressure curves 

(The values for soils Nos. 5 and 7 are not plotted as they overlap with those 
for soils Nos. 3 and 6 respectively.) 

The general shape of the curves is similar for the different soils. They are 
linear for all soils between 10 and 75 per cent relative humidity. Beyond 76 
per cent relative humidity, the curves take a sharp bend tending to become 
parallel to the moisture axis at higher humidities. The general gradient 
decreases with increase in the value of the fine fractions. 

Progressive absorption of water vapour by soils has been studied at 90, 
95 and 100 per cent relative humidities for samples of the Hagari Black soil 
(East block) taken from plots subjected to normal method of cultivation and 
from plots which received farmyard manure at the rate of 50 lbs, nitrogen per 
acre. The moisture content at different periods is given in Table III. 


COLLOID CONTENT AND HYGROSOOPIC POWER OP SOILS 


507 


Table III 


Progressive absorption 


Treatment 


Days 


.Layer 


12 


16 


20 


At 90 per cent relative hmniclity 


Control . 


Farmyard manure 


0-1 ft. 

7-73 

9*57 

10*15 

10*67 

11*10 

11*27 

11*32 

11*35 

1-2 ft. 

8-S7 

10*08 

10*76 

11*44 

11*90 

12*12 

12*19 

12*21 

0-1 ft. 

^ 7-68 

9*49 

10*21 

10*79 

11*22 

11*39 

11*49 ' 

11*50 

1-2 ft. 

8-20 

i 10*15 

10*92 ; 

1 

11*62 

' 12*09 

12*30 I 

12*38 

12*40 


At 95 per cent relative humidity 


Control .... 

0- 1 ft. 

1- 2 ft. 

7*65 

8*50 

9*95 

10*69 

10*76 ( 
11*66 1 

11*66 i 
12*71 

12*60 

13*68 

13*09 

14*33 

13*45 

14*73 

13*52 

14*83 

Farmyard manure 

0- 1 ft. : 

1- 2 ft. 

7*87 

8*41 

10*27 

10*90 

i 

11*15 ■ 
11*95 

12*04 1 
13*00 1 

12*99 1 
13*96 

13*62 
14*67 j 

13*89 
15*09 j 

13*99 

15*19 


At 100 per ce?it relative humidity 




0 

1 

2 

3 

5 

9 

13 

17 

21 

Control 

0- 1 ft, 

1- 2 ft. 

6*62 : 
7*11 1 

j 

9*38 i 
10*03 1 

10*53 

11*35 

11*20 

12*16 

11*96 

13*12 

12*65 

14*01 

13*65 

1 15*08 

34*18 i 
15*70 

14-47 

16*08 

Farmyard manure 

0- 1 ft. 

1- 2 ft. 

6*77 j 
7*18 1 

9*63 j 
10*08 ! 

i 

10*81 

11*44 

11*53 

12*24 

12*39 

13*24 

13*39 
14*15 1 

14*16 
i 15*11 1 

14*68 

15*70 

14*98 

16*04 


The absorption of moisture by the soils follows an exponential relationship 
of the following type : — 


where M is the mositure absorbed by the soil in a period tj K, a and b are cons- 
tants depending on the nature of the soil and e the base of the Naperian loga- 
rithm. The rate of absorption is high at the beginning tending to become 
constant with increasing time. The results emphasise the importance of speci- 
fying the period of exposure whenever ^ hygroscopic capacity ’ of soils is 
.considered^ 

In Fig. 2 the theoretical values of the moisture content at different 
periods calculated from the above equation and the observed values are 
plotted against time. The agreement between the observed and calculated 
values is closer at lower humidities than at 100 per cent relative humidity. 
But there is little doubt that the type of absorption follows the exponential 
relationship given above even at 100 per cent relative humidity. 

s 2 
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Observe© 


Fia. 2* Progressive absorption of moisture 
It is interesting to note that at all the humidities investigated, the soil 
from the second foot layer invariably absorbed more moisture than that from 
the first foot layer. 

The soil profile at Hagari is fairly uniform to a depth of three feet, with no 
appreciable variations in the physical composition. The following average 
values of the mechanical composition by the International ammoma method 
[Rao, 1937] show that the observed differences in the hygroscopic capacity 
of the different layers cannot be accounted for by differences in the fine frac- 
tions of the soil. 

Table IV 

IrUeenational ammonia method 



04 ft. 

1-2 ft. 

A 

B 

■ 1 

1 c 

1 

A 

B 

C ; 

Clay . 

44.9 

45.1 

45.1 

46.3 

45,6 

45.6 

Silt. . , 

17. 1 

17.4 

17.3 

19.7 

17.1 

16.6 

Fine sand 

15.7 

16.4 

16.7 

15.5 

15.5 

15.8 

Coarse sand ♦ 

17.3 

16.9 

16.6 

14.8 

16.6 

17,7 

Loss by solution 

5.0 

4.2 

4,3 

4.7 1 

5.2 

4.9 


(A=CTOtrol, 6=Plouglied and bunded) 
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Similarly the Si 02 /R 203 ratios calculated from the authors’ figures for 
chemical composition of the profile down to three feet [Rao, 1936] were 
5-72, 5-94 and 5*44 for the layers 0-1 ft., 1-2 ft. and 2-3 ft., respectively. It 
is clear from these ratios that the top three feet of the profile is uniform and the 
possibility of the differences in the hygroscopic capacity being due to lower clay 
and silt values is eliminated. The decrease in the hygroscopic capacity of the 
surface soil was thought to be due to the fluctuations in the weather conditions 
which directly influence the top soil, which is subjected more frequently to 
alternate heating and wetting than the low'er layers. The dehydration of the 
soil colloids is partly irreversible and hence the absorptive capacity of the 
surface soil is diminished. 

Effect of alternate heating and wetting on the absorptive capacity of the soil .- — 
In order to study the effect of alternate heating and wetting of a soil on its 
absorptive capacity, the absorption of normal soils for w^ater vapour was com- 
pared with that of soils alternately saturated wdth w-ater and dried. The 
experimental procedure w’'as as follows : — 

After obtaining the normal absorption of the soil, an equal w^eight of water 
was added. The soil was allowed to air-dry for t^vo days. It was then dried at 
100°C. for about ten hours and equal w’-eights of water added and the soil air- 
dried for two days. This treatment w'-as repeated five times after which the 
absorption values were again determined. Similar studies were made by 
Brown and Byers [1935] on soil colloids extracted from some American soils. 
The absorptive cajjacities of some soils treated as above at 75, 99, and 100 
per cent relative humidities are given in Table V. 

Table V 


Hygroscopic absorption {period of exposure 5 days) 


Depth 

(inches) 

100 per cent 
relative 
humidity 

99 per cent 
relative 
humidity 

75 per cent 
relative 
humidity 

Ratio of 100 per 
cent to 75 per 
cent 

A 

B 

A 

B 

A 

B 

A 

B 

0-6 

14.78 

13.39 

14.07 

13.70 

8.52 

7.89 

1,74 

1.69 

6-12 

15.73 

13.90 

15.27 

14.11 

9.29 

8.28 

1.69 

1.68 

12-18 

16.03 

13.85 

15.33 

14.17 

9.38 

8.23 

1.75 

1.68 


(A =Before treatment, B =After treatment. The figures are the averages of dupli- 
cates which agree among themselves.) 


At each of the humidities examined there is evidence for the loss in 
hygroscopic capacity of the soils when alternately wetted and dried. The 
decrease in the absorptive capacity of the soils after treatment suggests that 
the lower absorptive capacity of the top layer, observed in the field, is due to 
the diurnal variation of temperature as well as the fluctuations in w’-eather 
conditions to which it is exposed. 
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Tlie exact effect of soil mulch in field operations is yet a matter of dis- 
cussion. Besides destroying weeds, soil mulch may be beneficial to the extent 
that it exposes to the air, a layer of soil which is capable of better absorption 
than the top layer which is constantly exposed to changes in weather condi- 
tions. This fresh layer is able to dehydrate the air in immediate contact to a 
greater extent than the old layer. 

Summary and conclusions 

1. Two methods of estimating the amount of total colloids in soil have 
been critically examined with regard to their suitability for some South Indian 
soils. It was found that the Ratio or Adsorption method gave higher values of 
the colloid content than the Hydrometer method. 

2. Percolation rates did not show any direct correlation with ' clay ’ or 
" clay and silt ’ as determined by the International ammonia method. 

3. The absorption of moisture at different relative humidities has been 
studied for different soils. 

4. The amount of moisture absorbed at a given relative humidity varies 
with time according to an exponential law of the type : 

M^K (1 — -ae"”-^^), where t is the time in days and A, a and b are constants. 

5. The moisture retentive capacity of soil has been found to be reduced 
by alternately heating and wetting it. The bearing of this result on the low 
moisture retentive capacity of the surface soil compared to that of the subsoil 
observed in this work has been discussed. 
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I. Introdpctiox 

A BEPOET of the occurrence of a disease of mango, which caused drying 
of leawes and twigs, was received for the first time in February 1934 from a 
village in the Multan district. After examination of the diseased plants at the 
spot and in the laboratory, the disease was diagnosed as antliracnose. It 
was present there in a very serious form. Many young grafted plants, about 
two to three years old, of varieties imported into that place from other parts 
of India, were so badty attacked that they ultiniately succumbed to the disease. 

Later on the disease was found to be prevalent in the districts of Lyallpur, 
Slieikliupura, Gurdaspur, Jullundur, Ambala and Hoshiarpur. A similar 
disease of mango due to a species of Gloeosporium has been recorded by McRae 
[1924] from Madras, and due to Gloeosporium raciborsMi P. Heiin. by Uppal, 
Patel and Kamat [1934] and Stevens and Pierce [1933] from Bombay. 
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Outside India anthracnose of mango has been recorded in almost all the 
countries wherever mango is grown. According to McMurran [1914], it was 
first reported from Porto Rico by CoUins in 1903, from Hawaii by Higgins in 
1906, from Florida by Fawcett in 1907 and from Cuba b}^ Cardin in 1910. 
From Uganda it has been reported by Small [1921], from British Guinea by 
Alston [1925], from Philippines b}^ Ocfemia [1924], from Dominica Republic 
by Ciferro and Gonyaley Fragaso [1926], from Fiji by Campbell [1927], from 
Sierra Leone by Deighton [1927], from Guatemala by Popenoe [1919], from 
Central Andes by Toro [1929] and from South Africa by Doidge [1932]. 



II. Symptoms of the disease 


{A) Macroscopic symptoms 

In the Punjab the disease has been observed to attack leaves, petioles, 
twigs and fruits. On leaves it forms numerous oval or iiTegular brown spots 
of very variable size. The spots may begin at the tip or from any other point 
on the margin or may develop in the centre of the leaf. Under damp condi- 
tions the spots grow rapidly, forming elongated necrotic areas which may 
sometimes result in the rupture of the affected tissue. Young leaves are more 
severely attacked than old ones. 

The petioles, when affected, turn black or grey and the leaves droop down, 
become dry and ultimately fall off, leaving a black scar on the twig. 

On the twigs the disease produces elongated black necrotic areas. The 
tips of very young branches are first attacked and the twigs go on drying from 
top to bottom. Under moist conditions all the branches as well as the main 
stem of young plants may dry out completely. On older plants young thin 
^ branches are also similarly affected, but the big branches are not attacked. 
^^When the fruits are attacked, black spots develop on them and rot sets in. The 
blossom blight has not been observed in the Punjab as yet. Two diseased 
leaves and a diseased twig are shown in Plate XXI. 

(J5) Microscopic symptoms 

On diseased parts of the plant the acervuli of the causal fungus {Colleto- 
trichum gloeosporioides) develop in great abundance. They are irregular and 
appear as brown to black dots. On the leaves these occur on both surfaces. 
The acervuli, when mature exude pink masses of conidia under moist condi- 
tions. The acervuli are at first sub-epidermal, but later the epidermis ruptures 
and exposes them. The acervuli measure 80-250 p. The marginal setae 
are rare. When present they are dark, fuliginous, cylindrical, continuous 
(rarely one- septate), 40-90 x 4-6 p (mean 60 X 6 p)- The conidia are borne 
on distinct, well, developed hyaline conidiophores. The conidia are straight 
cylindrical or oval, 8-20 x 5-7 p, hyaline usually with tw^o, rarely one, oil 
drops. The liyphae of the fungus as seen in transverse section passing through 
an acervulus are hyaline, septate, full of oil globules. These are both inter 
and intra cellular. A transverse section passing through an acervulus is 
shown in Plate XXII. 
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PLATE XI 



{a) ^ A transverse section passing through an aoervulus of Glonierella cingulata {ColletotricJnmi 
gloeosporioides) (conidial stage) ; (b) Spores of Glomerella cingulata {Colletotrichum gloeosporioides) . 
germinating in water (conidial stage) ; (c) Spores of Glomerella cingulata [Colletotriclmm 

. . . N . . 

gloeosporioides) germinating in malic acid. 
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III. Pathogenicity of the fungus 

The fungus was isolated by the usual methods, from diseased leaves and 
twigs obtained from Multan, Lyallpur and Gurdaspur. "Thefungus was puri- 
fied by monosporal culturing. All the isolations were identical. 

The potted plants as well as cut twigs of mango were inoculated by spray- 
ing the suspension of spoies of the fungus grown on oat-meal agar at 25°C. for 
eight days. The inoculated plants or twigs were kept moist by keeping them 
covered under bell-jars or under moi.st screens of gunny sacks for at least four 
days after inoculation. The results of inoculation are given in Table I. It is 
clear that the fungus is j)athogenic on leaves, petioles, stem and fruits of mango 
and that the ftjitimum temperature for infection is about 25°C- 

Table I 


Results of inoculation experiments 




Tern- 


[ 

Number 1 


Date 


perature, 

Nxunber 


of 

Kind of plants inocu- 

at which 

inocu- 

infected I 

Nature of infection 

inoculation 

lated 

inocuiat- 

lated 

j 




ed ("C.) 


I 

i 


27 th July 1934 

Potted seedling 

32—36 

4 

Nil 1 

Nil 

plants about 15 
months old. 



1 

i 



31st July 1934 

Ditto 

27—30 

4 

4 ; 

80 per cent leaves 





attacked. 

10 th August 

Ditto 

27—30 

4 

4 

80 per cemt leaves 

1937. 





and 40 per cent 
petioles infected. 

23rd August 

(i) Potted seedling 

27—30 

4 

4 

Ail leaves and 

1934. 

plants 15 months 
old. 




petioles infected. 


(ii) Grafted plants 2 

27—30 

4 

4 

70 per cent leaves 


vears old. 




attacked. 

25 th Septem- 

{?*) Potted seedling'^ 
plants 15 months *• 

24—28 

4 

4 

Leaves, petioles 

ber 1934 




and stem severely 


old. r 




attacked. 


(ii) Grafted plants 2 J 


4 

4 

80 |)er cent leaves 


years old. 




attacked, ■ a few 
spots on stem also. 

13th August 

Cut twigs from seedl- 

10 

6 

Nil 

Nil 

1934. 

ing plants, lower 
ends placed in water. 



Nil 

Nil 

13th August 

Ditto 

15 

6 

1934. 

13th August 

Ditto 

20 

6 

6 

Infection moderate. 

1934. 

13 th August 

Ditto 

25 

6 

' 6 

Infection very 

1934. 





severe. 

Dq^<"' 

/Do. 

Ditto 

30 

6 

6 

Infection m oderate . 

Ditto 

Ditto 

35 

40 

6 

6 

Nil 

Nil 

Nil 

Nil 

July 1937 

Almost mature man- 

25 

j 12 

12 

Rotted, 

go fruits. 


1 
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IV. Study of the fungus in artificial cultural media 


(A) Macroscopic growth features 

(i) Effect of culture medium. — The fungus was grown on the following 
culture media at 20‘"C. The quantities of nutrients are in one litre solution in 
distilled water. 

Oat-meal agar . . . Oat-meal 50 grms., and agar agar 20 grms. 


Brown’s agar 
Brown’s starch agar 


Richards’ agar 
Nutrient glucose agar 


Glucose 2 grms., asparagin 2 grms., K 3 PO 4 1*25 grms., 
MgSO^ 0*75 grms., and agar agar 15 grms. 

Glucose 2 grms., asparagin 2 grms., K 3 PO 4 1*25 
grms., MgS 04 0*75 grms., potato starch 10 grms., 
and agar agar 15 grms. 

Sucrose 50 grms., EINO 3 10 grms., KH 2 PO 4 5 grms., 
MgSO^ 2’ 5 grms., and agar agar 20 grms. 

Glucose 20 grms., peptone 10 grms., NaCI 5 grams, 
extract of meat 4 gnns., and agar agar 15 grms. 


Potato agar .... Peeled potatoes 400 grms., and agar agar 15 grms. 

The observations were recorded after twelve days’ growth and the various 
features studied are given in Table II. 


Table II 

€ rowfJi features of the fungus on various culture media 


Media 


Growth features 

i 

1 

Oat- 

meal 

agar 

Brown’s 

agar 

Brown’s 

starch 

agar 

Richards’ 

agar 

Nutrient 

glucose 

agar 

Potato 

agar 

Linear colony growth 
in mm. 

88 

64 

60 

103 

60 

77 

Aerial mycelium 

+ + + 

+ + 

+ + 

+ + + + 

+ + + + 

+ 

Sporulation 

+ + 4* + 

+ 

+ + + 

+ + + + 

+ + 

— 

Colony colour . 

] 

Salmon 

Light 

Straw- 

Light 

Flesh 

Not 

buff. 

salmon 

orange 

berry 

pink 

mineral 

gray 

pink 

record- 
j ed 


— - = nilf + + = moderate, + = trace, + + + = good, -|- + + + = very good. 


{ii) Effect of temperature. — The fungus was grown on oat-meal and 
Richards’ agars at diiferent temperatures ranging from 5 to 40'’C. and the 
observations were recorded after twelve days. The diameter of colonies of the 
fungus in both the media at different temperatures is represented in Fig. 1 and 
the amount of aerial mycelium and sporulation is given in Table III. 
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Fig. 1. Effoot of tomporature upon colony cliameter after eleven days 

Table III 

Amount of aerial mycelium and sporulation produced by the fmigus at different 

temperatures 


Growth 

feature 

Medium 

Temperature (°C.) 

5 

10 

15 

i 

20 

25 

30 

35 

^ 40 

Aerial my- 

Richards’ agar 



+ 

+ + + 

++++: 

+++++ 

++++ 


celium. 











Oat-meal agar 

— 

— 

+ 

+ + 

++ 

+ + + 

+ ++ + + 

, — 

Sporulation 

Richards’ agar 

. — 

, — . 

— 

+ + 

+ + 

+ + + + 

+++ 



Oat-meal agar 



+ 

+ + + 

+ + + + 

+ + + + + 

+++ 

— 


— — nilf^ -f" =: trace, -*j — }- = moderate, -j — good, 


+ 4-4*4- = very good, = abundant. 

From Fig. 1, it is clear that the maximum temperature for linear growth 
of the fungus is between 35 and 40°C. and the minimum is between 10 and 
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15°C The optimum temperature is 29°C. for Richards’ agar and 25°0. for 
oat-meal agar^^ but a close study of the graph reveals that for the cultme media 
in general it seems to be between 25 and 29 C. _ It is clear from the res I s 
given in Table III that the amount of sporulation and aerial mycelium are 
fairly good on a wide range of temperature, i.e., between 20 and 3o G. 

liii) Effect of hydrogen-ion concentration . — ^The medium employed for this 
study was Richards’ agar and the various pH values were adjusted 
tricallv bv addino' normal hvdrochloric acid for acid range and sodium hydro- 
Sde for basic rTngr The fungus was grown at 30°C. and observations were 

S Si days. The linear grow* J-H range* 

represented in Fig. 2. 

The results show that though the greatest linea,r ^owth was at pH 6* 9 
the lower ranges up to pH 4-2 were aU quite suitable for growth of the 

fungus. The growth was almost the same from pH 4 to 9. 3 •. on the 

acidic side and at pH 8 * 2 on the alkaline side growth fell considerably. 

The amount of aerial mycelium was very abundant at pH 3 • 4 to 4- 2 and 
between pH 4-2 and 9-0 it was fair, and the amount of spoliation was abun- 
dant at pH 6 • 2 to 6 • 9, fair at pH 5 • 3 and 8 • 2 and at pH below 5 • 3 and above 
8*2 it was scanty or nil. 





3 . 2. Effect) of on colony diameter (7 days growth at 20"’O. on Richards’ agar) 
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{B) Microscopic growth featiires 

Size of spores. — Tiie fuiigiis was grown on five different culture niedi?i and 
the spores were measured after eight days’ growth at 2(f(X Tlie results are 
recorded in Table IV. The only point worth noting* is that in B!‘owii\s agar 
the spores were the shortest. On all the media the spores vere liyaliiie and 
continuous. 


Table IV 


Size of spores m different cnltwre media 


Culture media 

Length 

in (i i 

Width 

, in [JL 

Limits 

of 

variation 

Mean 

f 

Limits 

of 

variation 

Mean 

1. Oat-rneal agar . 

8-8— 26*0 

15-2 

3*2— 6*8 

5*2 

2. Brown’s agar . 

8- 8-— 18*0 

12*8 ! 

3*2— 6*0 

1 

4*4 ■ 

3. Brown’s starch agar . 

9*2— -IS* 8 

14*4 

3*2— 7*2 

5*2 

4, Richards’ agar . 

8*8—24*4 

13*6 

4*0— 6*0 

4*8 

5. Nutrient glucose agar 

8*8—24*8 

15*2 

3*2— 5*6 

4*8 


The effect of temperature and hydrogen-ion concentration on the size of 
spores was also studied in some detail but neither of these was found to have 
any appreciable effect. 


(C) Germination of spores 

(i) Mode of germination. — The spores of the fungus when sown in chops 
of distilled water at 20®C. began to produce germ tubes after about six hours 
and about 7 per cent of the spores became one-septate. Germination went on 
increasing till after about twenty-four hours it reached a figure of about 70 
per cent. Germ tubes generally came out from the ends of spores but occa- 
sionally these developed from the middle of the spore length. The geim tubes 
elongated rapidly and about tw^elve hours after their formation began to 
develop appressoria at their ends. The appressoria were knob — or club-shaped 
structures with a dark thick wall. Often more than one appressoriiim was 
formed on a single germ tube. In such cases a hyphal branch was given out 
from the first formed appressorium and this in turn bore another appressoriuiii. 

In iV^/100 malic acid the mode of germination resembled that in water, 
the only difference being that in this solution about 50 per cent of the spores 
became one-septate during germination. 
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(ii) Effect of temperature on germination.— gennination ^of 
spores was studied in water at different temperatures varying from 5-40 C. 
The spores for the purpose of this study were taken from a fourteen days 
old culture of the fungus on oat-meal agar at 20°C. Observations were re- 
corded after twelve, twenty-four and thirty-six hours of sowing and the results 
are given in Table V. 


Table V 

Germination of spores at different temper allures 


Tempera- 
ture (°C.) 

Percentage of gennination after 

Percentage of 
of one-septate 
spores at the 
end of 36 hours 

Percentage of 
spores which 
were bearing 
appressoria at 
the end of 36 
hours 

12 

hours 

24 

hours 

36 

hours 

5 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

15 

0 

5 

9 

0 

2 

20 

42 

55 

63 

4 

48 

25 

73 

75 

85 

7 

63 

30 

38 

40 

45 

3 

18 

35 

9 

9 

11 

0 

0 

40 

0 

0 

0 

0 

0 


From the results given in Table V it is clear that the optimum tempera- 
ture for germination of spores is 26°C., the maximum between 35 and 40°C. 
and the mmimum between 10 and 15°C. 


V. Identity of the causal fungus 

Three species of Oloeosporium — Gloeosporium mangae Noack, Gloeosporium 
mangiferae P. Henn. and Gloeosporium raciborskii P. Henn. — have been des- 
cribed on mango [Saccardo, 1902], but from their descriptions it is impossible 
to separate them. The same view was expressed by Shear and Wood [1913] 
and the authors also hold the same view. The limits of variation in the size 
of spores as given in Saccardo are 12-|-17 x 3-3-|, 10-16 X 4-5f and 12-16 x 
4-5 p, for Gloeosporium mangae^ Gloeosporium mangiferae and Gloeosporium 
raciborskii respectively. The limits of variation in the size of spores of the 
species of Gloeosporium dovscribed in this paper are 8-20 X 5-7 jx on the host 
and 8 '8-26 X 3’2-7*2 [x in artificial culture media. Thus it is clear that as 
regards spore size all the three described species of Gloeosporium from mango 
and the one occurring on mango in the Punjab cannot be separated. 

Further according to Ocfemia and Agati [1925], Nolla [1926] and Small 
[1926], the species Gloeosporium mangiferae P. Henn. is identical with OoZ- 
letotrichum gloeosporioides Penz. and is considered by Shear and Wood [1913] 
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and Ocfeinia and Agati [1925] to have Glomerella cingtdata Stoiiem (S. and VS.) 
as its perfect stage. The fungus which causes antliraciiose of mango in the 
Punjab shouklj therefore, be called Glomerella cingtdata Stoiieni (S. and, VS.) 

( CoUeioiricJmm gloeosporioides). 

VI. Modes of feeennation of the disease 

In order to study the inodes of perennation of the disease the following 
experiments w^ere conducted 

1. Viability of the fungus in detached diseased twigs and leaves 

Twenty diseased twigs and forty leaves affected with, anthraenose w^ere 
removed from mango trees in F ebruary 1934 and w^ere kept on the surface of soil 
in the open at Lyallpur. The viability of the fungus in these twigs was tested 
from time to time. The results obtained 'were : — 

(i) Even after tw' o years’ exposure to open w^eather conditions, the fungus 
Glomerella cingulata {Colleiotriclmm gloeos^wrioides) could be isolated from the 
diseased bits of tw igs. Seventy per cent of the spores of the fungus borne in 
acervuli on the twdgs were viable. After this iieriod these twigs rotted and 
w^ere eaten away by wdiite ants. 

(n) In the diseased leaves the fungus remained viable for fourteen months. 
After this period the leaves rotted completely. 

As fresh acervuli also developed on diseased twigs and leaves during the 
period of exposure, it cannot be said whether the viable spores w^ere from the 
original or fresh acervuli. 

(m) Inoculations were made wdth spores taken from these diseased twigs 
and leaves on young mango plants. Typical symptoms of the anthraenose 
disease were produced. 

2, Viability of the fungus in diseased twigs fersistmg on the trees 

In nature the infected leaves fall off, but the diseased twigs even after 
death remain attached to the plant. Twenty diseased twigs on mango trees 
were marked in February, 1934 and were examined in September 1935, with 
the following results : — 

{i) The acennili were abundant on the marked dead twigs and 80 per cent 
of the spores in them w’^ere viable as jiroved by germination tests. Fresh acer- 
vuli go on appearing on dead twigs persisting on the trees. 

{ii) Inoculations were made with spores taken from these twigs on young 
mango plants. These caused the typical anthraenose disease. 

Thus from the results of the above experiments it is concluded that so far 
the disease has been found to perennate by the following methods : — 

(1) In the detached diseased twigs and leaves which remain lying on the 
surface of soil. 

(2) In the diseased twigs which may remain attached to the trees. 


I 




THE INDIAN journal OP AGRICULTURAL SCiENCE [IX, iH 


VIII. Summary 


1. Symptoms of anthracnose disease of mango have been described. 

2. The fungus causing the disease has been identified as {Glonierella 
cingulata- Stonem (S. and VS.) {Colletotrichum gloeosporioides Penz.) 

3. Inoculation experiments have shown that the fungus is pathogenic on 
leaves, petioles, stem and fruits of mango and that the optimum temperature 
for infection is about 25°C. 

4. Effect of different environmental conditions such as nature of medium, 
acidity of medium and temperature on the growth features of the fungus has 
been studied. 

5. Germination of spores of the fungus has been studied at different tem- 
peratures and the mode of germination of spores has been described. 

6. The disease has been found to perennate by the following methods : — - 

(1) In the detached diseased twigs and leaves which remain lying on 
the surface of soil, and 

(2) In the diseased twigs which remain attached to the trees. 


VTI. Methods op control 


(3) Spray the plants with 3 : 3 : 50 Bordeaux mixture three times a year 
during February, April and September. 


It is clear from the foregoing account that in order to avoid fresh infection, 
the sources of infection mentioned therein should be eliminated. The diseased 
mango leaves, twigs and fruits lying in the garden should be collected and all 
the diseased twigs on the trees should be pruned away and all such refuse 
should then be burnt. It is also to be remembered that to achieve good results 
it is necessary that all the owners of mango gardens in an affected locality 
should take action simultaneously and co-operatively in their respective 
gardens. As in practice the total suppression of these sources of infection is 
not possible, even if these recommendations are followed, the disease cannot be 
completely controlled, though it can be reduced considerably. Therefore in 
addition plants have to be sprayed with some fungicide. Trials conducted at 
Multan on young grafted mango plants showed that spraying the plants with 
3 : 3 : 50 Bordeaux mixture three times a year — in February and then in April 
and September — in addition to the remoA’'al of the potential sources of infec- 
tion above referred to was effective in controlling the disease. Spraying ex- 
periments for the control of the disease on plants of bearing age have still to be 
conducted. .In the meantime, however, the following recommendations can 
be safely made for the control of the disease : — 

(1) Eemove all the diseased mango leaves and twigs lying about in the 
garden. 

(2) Prune all the diseased twigs and burn them. The cut ends of big 
branches should be coal-tarred. 
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7. The following measures for the control of the disease have been sug- 
gested 

(1) Eemove all the diseased mango leaves and twigs lying about in the 

garden. 

(2) Prune all the diseased twigs and burn them. The cut ends of big 

branches should be coal-tarred. 

(3) Spray the plants vuth 3 : 3 : 50 Bordeaux mixture three times a year 

during February, April and September. 

The authors feel indebted to Rai Sahib Jai Cliand Liithra, I.A.S., Professor 
of Botany, Lyallpur, for helpful suggestions and providing facilities during tlie 
course of this work. They also feel grateful to M. Ali Mohd., artist for drawing 
Plate XXL 
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I. Intbodxjctioy 

The production of lac, the raw product from which shellac, seedlac, and 
button lac are maiiiifactured is virtually a monopoly in the hands of India. 
Only approximately 12 per cent of the world’s production of stick lac comes 
from, outside India ; of this, roughly 80,000 niaunds per annuoi are produced 
in Burma, and 60,000 in Indo-China and Siam. The greater part of this ex- 
India production is imported into India and manufactured in this country. 

The production of stick lac in India during the last ten years (Le., 1928- 
1937) has varied from 9 to 16 J lakhs of maunds per annum and has averaged 
11| lakhs per annum. 

Lac is the resinous secretion of an insect known as the lac insect, Laccifer 
lacca Kerr, which is a member of the Super-Family Coccidae of the Order 
Hemiptera. This insect derives its nourishment from the sap of certain species 
of trees and shrubs on which it is parasitic. The majority of these belong 
to the Leguminosae, and are called lac hosts. There are two varieties of L. 
lacca in the major lac-growing areas, each of which passes through two complete 
life-cycles during the year, one life-cycle corresponding to a lac crop. These 
varieties are termed the Rangeeni variety whose tw^o crops are called the 
Katici and Baisahhi and the Kusmi variety wdiose two crops are termed the 
Aghani and Jethwi, 

Certain lac-growdng areas, as for example the Saclar Division of the Paia- 
mau District of Bihar, produce almost entirely Katici and Baisalchi lac and may 
be termed predominantly Rangeeni areas. The Singlibhum District and parts 
of the Ranchi District of Bihar, on the other hand, produce mainly Aghani and 
Jethwi crops and may be termed predominantly Kusmi areas. Areas in which 
all four crops are to be found, may be referred to as combined areas. 
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II. Damage to the lac crops 

Damage to the lac crops is of two kinds, both of which occur simultaneous- 

[а) Damage due to causes other than insects ; 

(б) Damage directly due to enemy insects. 

(а) The former accounts for not less than 30-40 per cent of the original 
settlement, and is in part unavoidable, as larval settlement is of such density 
that if mortality did not occur there would be no room for the development of 
all the cells It is in part due to climatic conditions, such as intense heat, 

i-art, fowJer. is sedacible, being due. for example, to tanity cute- 
vation methods such as incorrect pruning, infection of host trees for crops to 
which they are not suited, or infection with unsuitable strains ol lac. 

(б) The damage done by insect enemies is approximately 30-40 per cent 
of the lac cells. 

The actual lac crop obtained is approximately l/4th -l/3rd of the possible 
hypothetical crop. Of the original settlement 30 per cent is male which takes 
unpractical part in lac secretion. Although only as few as 15-20 pr cent of 
the original settlement may survive to crop maturity, 30-40 per cent, however, 
takes an appreciable pi art in lac secretion. 

Damage by insect enemies is caused by two main classes of enemies 
the parasites and the predators. 

Til Damage to the lac crops by parasites 


Parasite enemies belong to the Super-Family Chalcidoidea and eight 
species commonly occur in the major lac-growing areas. These are 
Encyrtidae — 

ParecthrodTyin’iis clavicornis Cam. 

Erencyrtus dewitzi Mahd. 

TachardiciepJiagus tachardiae How, 

Tachardiaephagus somervilli Mahd. 

Eupelmidae— 

Eupelmus tachardiae How, 

Aphelinidae— 

Coccophagus tscMrcMi Mshd. 

Marietta javensis How, 

Eulophidae- — 

Tetrastiekm purpurem Gam, 

The damage done by this class of enemy has been shown to be small at 
Namkumy amounting over seven years to only 4* 8 per cent of the lac cells, 
^ith an average maximum of only 9 *9 per cent. 
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IV. DaM.4GE to the LAO CROPS BA' PREDATORS 

A number of predators of the kc insect is known and includes Kphffttid 
s^., LvUemma sdMa Rambr., Pyroderce.s fakatelh ,St.. C/in/sopa .sp., dc. 
1 ractically the whole of the predator damage to lac, liowcver is caused 
exclusively by the larvae of the following 

1. amaWZk Moore. (Noctuidae) 

2. Holcocera pulverea Meyi-. (Blastoba.sidae). 

^ 1'h® damage by these predators has been .shown to amount to per 

cent ot the lac cells. It will be .seen, therefore, that praetically tlie whole Of 
the insect damage to lac crops is caused by thi.s cla.s.s of enemy. 

Not only is the quantity of lac produced affected by predator enemies, the 
quality is also lowered by tlie presence of predator larvae and ])upae and their 
trass. Manufacturing costs are also affected by them because the yield of seed 
lac on scraped lac is lowered by the presence of the tiinneis bored" b\- tlie pre- 
dator larvae and by the Ira.ss produced by them. 

V. Biological control 

(a) Biological control of lac parasites 

Three species of hyperparasites of lac parasites have been observed • in 
‘ each ease, however, the hyperjiarasite species is in primary function a ’lac 

parasite. These species are : 

1. Tetrastiches 2nirimretis Q,&m. (Enlophidae.) 

2. Eupelmus tacliardiae How. (Eupelmidae.) 

I 3. ilfaneZto jarewsis How. (Aphelinidae.) 

The average percentage hyperparasitism over five years amounted to only 
“average maximum of only 10 - 1 . In view of this low figure 
and the. fact that the three species are, m primary function, lac parasites, it 
is clear that biological control of lac parasites is not feasible. In view however 
of the small amount of damage done by lac para.sites. this is not ’of maior 
importance. ' 

(6) Biological control of lac predator's 

It is clear, therefore, that biological control in the lac industry' aetuallv 
means biological control of the lac predators, and E. amabilis wA H prdmrea 
being the two species of major importance as lac predators, it is on the biolomcal 
contiol of these species that attention must be concentrated. The following' 
parasites of E . amabilis and H. pulverea have been bred at Namkum. 

1. Parasites of both E. amabilis and H. pulverea — 

Microbracon Jiebetor Say (Braconidae), larval ecto-parasite. Introduced. 
Brachymeria tachardiae Cam. (Chalcididae), pupal endo-parasite. 


THE INDIAN JOURNAL OP AGRICULTURAL SCIENCE [IX, TII 


526 

2. Parasites of E. amabilis — 

Microbracon greeni Ashm. (Braconidae), larval ecto-parasite. 

Aphrastobracon flavipennis Aslim. (Braconidae), larval ecto-parasite. Rare. 

Elttsmus clwipennis Cam. (Elasmidae), larval ecto-paiasite. 

3. Parasites of E. pulverea — 

Apanteles tacTiardiae, Cam. (Braconidae), larval endo-parasite. 

PristoweTus testaceicollis Cam. (Ichneumonidae), lai’val endo-parasite. 

EuTytowict palidisccLpus Cam. (Eurytomidae), pupal endo-parasite. 

Periseriola sp. (Bethylidae), larval ecto-parasite. 

Elttsmus olbovnttculttius Garh. (Elasmidae), larval ecto-parasite. Very rare. 

4. Suspected parasites of H. pulverea — 

Apanteles falcrulha,jiae Ma,hd. (Braconidae), larval endo-parasite. 

CMonella cydopora Franz. (Braconidae), larval endo-parasite. 

Of these parasites of E. amabilis and H. pulverea, all are indigenous, ex- 
cept Microbracon hebdor which is unknown in the major lac-growing areas. 
Among them, two are of major importance as parasites of lac predators, and 
can easily he reared in large numbers in the laboratory, these are Microbracon 
greeni Ashni. and Microbracon hebdor Say. 

Microbracon greeni ib an indigenous ecto-parasite of the larva of E. anm- 
bilis, it can easily be bred in the laboratory, and under field condition is mono- 
phagous. The average percentage parasitism throughout the year amounts 
to approximately 10. This low figure appears to be due to a very great 
scarcity of host larvae in sufficiently advanced stage for parasitism in 
the field at certain times of year. As a result of this, the percentage parasitism 
is very small at such times and the presence of adult parasites in the field 
very low. When the host density increases, as it does rapidly, the parasite 
population is still low and it is only some considerable time later that the para- 
site density increases to a similar extent. Laboratory results indicate that 
releases of artificially bred adults at such periods would greatly increase the 
average percentage parasitism. 

Microbracon hebdor is an ecto-parasite of both the larvae of E. amabilis 
and of H. pulverea. It does not at present occur in the major lac-growing 
tracts. Adults were obtained from Ceylon by the senior author, where it occurs 
as a parasite of Ephestia kvhniella Zell. From these adults a thriving colony 
has been built up at Namkim!. M. hebdor can be bred easily in ihe 
laboratory and has a number of alternative hosts all of which are pests of 
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greater or less mpoitance, on wMch it can breed when host larvae in lac are 
scarce. Laboratory experiments indicate promising results from the intro- 
ductioii of this Braconid on a large scale in major lac -growing areas. iSiiiall- 
scale field experiments so far carried out sliow that if. hebeior is able to colo- 
nise and breed under field conditions. 

VI. PbOPOSED LABGE-SCALE meld EXPEEIMENTS 

The Indian Lac Research Institute lias taken, over an area situated in tJi,e 
Ranchi .District about eleven miles distant from Namkuin. This area is pre- 
dominantly Kiisini, though it contains a small number of hosts jiroducing 
Rangeeni lac. 

Into this area, introductions ol Microbracon greeiii and Micmbmccm hebe^ 
lor will be made. Regiiiar sampling will be carried out with the object to dis" 
cover— 

(а) The efi’ect of periodic releases of Jf . greeni on its population density 

and on the percentage of hosts parasitised. 

(б) Whether If. hebetor can be artificially introduced and established. 

(c) The natui’ai population density of Jf. hebetor and percentage of 
hosts parasitised after establishment. 

At the maturity of each crop, a portion will be selected as brood iao (i.e. 
seed for the infection of a new crop), and of this, part will be transferred to 
another isolated area and used to infect a number of trees for a fiu’tiier crop. 
Into this second area artificial introductions of these Braconids will not be 
made. The object being to determine whether — 

(a) The population density and percentage of hosts parasitised by Jf • 

greeni can be maintained at a high level by means of adults 
transferred from one area to another via brood lac from an area 
where periodic liberations of Jf. greeni have been made. 

(b) Whether Jf . hebetor can be transfeiTed from an area in which libera- 

tions have been made to a second area by means of brood lac^ 
and if so, the natural population density and percentage of hosts 
parasitised in the second area. 

It has been thought worth while to place on record the present position as 
regards these two Braconids, in a predominantly Kusini area in order to have 
figui'es against which to compare the figures from the biological control area 
chosen. 
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Table I 

Density of host population, average percentage parasitism, and density of parasite 
population, Microbracon greeni Ashm, per 100 ft. lac in a 


predominantly Kusmi area, average of seven years (1928-35) 




Aghani 

J etliwi 



crop 

crop 


Presence 






ofM. 





Month 

greeni 

Presence of 


Presence 



adults per 

E, amahilis 

Per cent 

of E. 

Per cent 


100 ft. lac 

larvae in 

parasitism 

arnahilis 

parasitism 



100 ft. lac 


larvae in 
100 ft. lac 


July .... 

15*4 

264 yoimg 

0*0 

688 

7*1 

August .... 

6-2 

1,704 

0*5 

Crop cut 
.in J ime- 


September . . . 

73*4 

1,140 

8*7 

July re- 
infected 


October . . . 

49-0 

648 

18*2 

in the 
following 


November. 

16*4 

744 

7*3 

Februa- 

ry. 


December 

11-0 

684 

15*3 



January . 

29*0 

588 

25*4 



February .... 

45*5 

336 

36*0 

0 

0*0 

March 

10*1 

252 1 

50-0 

168 young 

0*0 

April 

2*1 

Crop cut in Febru- 

420 young 

0*0 


ary -March re-inf ect- 



May .... 

1*8 

, ed tlxe 

July. 

following 

420 young 

5*8 

June . . . 

2*8 



288 

21*2 


(a) MiGrobracon greeni 

Table I, wbicli is taken from a paper on this species at present in prepara- 
tion for publication, records the monthly density of Jf. greeni adults and the 
percentage parasitism in a predominantly Kusmi area, calculated over the 
seven years, 1928-1935, per 100 ft. of lac in the field. It will be seen that the 
average number of adults per month per 100 ft. of lac is 22, and the average 
monthly percentage parasitism 16*3. 
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The proposed times of liberations of M. greeni adults in the field are early 
August, ISTovember and early in May. (This matter is fully discussed in the 
paper in preparation.) 

(b) Microbracon hebetor 

The present density of M. hebetor adults in the field and the percentage 
parasitism are both nil. 

VII. Recently disoovbrei) eqg parasites oe lao peedatop.s 

Recently two Triehograinmid egg parasites of the eggs of E. amabilis, 
H . pidverea a.nd of & Lyc&eiM Tarucus theophrastus L. have been discovered 
and have been identified by the Imperial Bureau of Entomology as 
Trichogramrnatoidea nana Zehnt and Trichogramma minutiim Riley. Their 
potential value in control is great, as they attack their host in the egg 
stage before any damage has been done. They appear to limit their 
attack, however, to predator eggs, before the lac encrustation has become 
thick and continuous and covered with white Avaxy filaments. In addition, 
neither E. amabilis nor H. pulverea lay their eggs in masses. It is at pre- 
sent too early to say anything as regards these twm species other than to sug- 
gest that then’ importance in control may be great. 
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Summary 

1. Insect damage to the lac crops is of two kinds, that due to parasites and 
that due to predators. The damage done by parasites is small, amounting to 
only 4-8 per cent ; that due to predators is serious and amounts to 30-40 

> per cent of the lac cells. 

2. Biological control of lac parasites is not feasible ; this is not of major 
importance as the damage done by them is small. 

3. Predator damage is practically entirely caused by the larvae of 
Eublemma amabilis and Holcocera pulverea. Biological control in the lac 
industry amounts to the control of these species. 

4. Of the parasites of E. amabilis and H. pulverea the more important are 
Microbracon greeni and Microbracon hebetor. The former is an indigenous 
parasite of the larva of E. amaUlis. The latter is an introduced parasite 
of the larvae of both E- amabilis and H. pulverea. 
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5. The average percentage parasitism by M. greeni is approximately 10 
and the average presence of adults in the field 22 per each 100 ft. of lac. The 
parasite density becomes very small at certain times of year when hosts are 
scarce, when the host density increases the parasite density does not increase 
with the same rapidity. Laboratory tests indicate beneficial results from the 
release of artificially reared adults at such critical periods. 

6. M. hebetor does not at present occur in the major lac-growing areas. 
Laboratory tests indicate that its introduction would be attended by bene- 
ficial results. 

7. A brief account is given of an experiment that has been stazted to test 
the economic value of these Braconids on a field scale. 
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I. Biologv and moephology of St stasis dasyneurae Manx — 

I. Introduction 

The linseed midge, Dasynmra Uni, was described by Barnes [ 1936 
from material bred from linseed flower buds at Pusa, Biliar, in 1933. A 
detailed account of its biology has been published by Pruthi and Bhatia 
[ 1937 ] who consider that, in view of the rapid expansion of linseed cultivation 
in India, this insect is likely to prove an important pest in the future. This 
forecast is proving to be true, as during the last year reports have been 
received by the Imperial Entomologist about the seriousness of this pest from 
several provinces, e.g., the Punjab, Sind, Central Provinces, Delhi, etc, 

{ 531 ) 
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While this pest was under investigation at Pusa in 1935, occasionally 
the writer found some ' stumpy ’ eggs in the linseed buds, which were quite 
different from those of the midge, and the larvae hatched therefrom could 
not be bred on the plant. Similar eggs were also found at Karnal (Punjab) 
in 1937, which on breeding proved to be those of a Chalcidoid parasite of the 
midge larvae. The material of Dasymura Uni, received recently from 
Na^ur (Central Provinces) and Sakrand (Sind), has been also found para- 
sitized by the same parasite. The parasite is new to science and is described 
in part 11 as a new species under the name Systasis dasyneurae by the second 
auSior. From the linseed material obtained from Kamal, another chalcidoid 
also emerged belonging to an undescribed genus, the status of which could 
not be determined but it is presumably a hyperparasite. This new genus 
and species are also described in part II. An account of the biology and 
morphology of the primary parasite, A'ysteis dasyneurae, forms the subject 
of this part. 

Our sincere thanlis are due to Dr. Hem Singh Pruthi, Imperial Ento- 
mologist, for facilities for work and valuable suggestions and to Mr. P. 
Narayanan, the staff artist, who executed the plates with his usual skill 
under our supervision. 





2. Life-history and description of immature stages 

OvipGsition. — ^The eggs are laid inside the crumpled and unopened buds 
of linseed containing well-developed host larvae. The fact that these eggs 
are invariably found in flower buds already containing almost full-grown 
larvae of Dasyneura Uni shows that the parasite possesses not only keen sense 
of selection but is also capable of distinguishing the affected buds from the 
healthy ones and further of selecting buds containing host larvae of the right 
age. Eggs are laid singly but are not necessarily deposited on the host, 
being more often found on the corolla or stalks and anthers of stamens. They 
are usually found between the folds of corolla, occasionally on the ovary 
and anthers, but very rarely outside the corolla in the folds of sepals. Not 
more than one egg was found in one flower. 

Egg, — ^When freshly laid, the egg is almost transparent, but soon 
becomes translucent. A little later, a pale yellow band appears all round 
the egg (Plate XXITI, fig. 1). Just before hatching, the egg becomes darker. 
It is of a conical or stumpy appearance. At its broad end, the egg is provided 
with a minute stalk. The surface is marked with microscopic round spots. 
On an average of twelve readings, the egg measured 0*37 mm. long and 
0 ‘ 13 mm. broad at the thick end. 

At a constant temperature of 18°0., the egg stage lasts two to three 
days. In nature, during February when the nights are rather cool (tem- 
perature 15®-18°C.) the incubation period is three to four days. During 
April (field temperature 25'^-29°0.) the eggs hatch in twenty-four to twenty- 
eight hours, 
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Figs. 1—9. Systasis dasyneume, sp. iiov. 

Fig. 1. Egg (x60). Fig. 2. Grub, freshly hatched (xl20). Fig. 3. Grub, 
half developed ( X 120). Fig. 4. Grub, full developed, on the body-remains 
of host (x30). Fig. 5. Pupa, ventral view (x30). Fig. 6. Pupa, 
lateral view (x30). Fig. 7. Adult parasite, male (x35). Fig, 8. 
Antenna of male parasite, highly magnified. Fig. 9. Adult parasite, 
female {x35). 

Figs. 10 — 11. Ecrizotomorpka tasMiri, gen. et sp. nov. 

Fig. 10. Adult, male (x50). Fig. 11. Tip of abdomen of male, highly magni- 
fied. Fig. 12. Antenna of male, highly magnified. Fig. 13. Tip of 
abdomen of female highly magnified, 14. An+omna, of female. 
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Grub , — The grab hatches out of the broad end of the egg, where first 
of all a crescentic slit appears. The young grab may then be seen struggling 
in the egg for about three quarters of an hour. Bj this time the head pro- 
trudes from the slit and in a few seconds the grab wriggles out completely. The 
grab immediately after hatching (Plate XXIII, fig. 2) is colourless and almost 
transparent with the exception of a pale yellow patch (due to the embryonic 
food inside) extending from the mesothoracic segment to about the fifth 
abdominal segment. The body consists of the usual tliree thoracic and ten 
abdominal segments. It measures about 0-37 to 0*40 mm. long and 0*10 
to 0-11 mm. broad. Thus, although the body length of the grub is slightly 
more than that of the egg, the general shape of the egg is maintained in the 
grub. The head capsule is large, broadly rounded anteriorly, with strong 
mandibles in front. The thorax is as broad as, or slightly broader than, 
the head capsule, the grub having the maximum breadth in the region of the 
third thoracic segment. The abdomen gradually tapers in the posterior 
region, the anal segment being narrowly rounded. All the thoracic and 
abdominal segments are covered with three rows of minute setae, numbering 
twelve to fourteen per row in the first six segments, but getting fewer as the 
segments become narrower. 

It has been mentioned above that the eggs are almost always laid in buds 
which already contain well-developed host larvae. Having ensured this, 
the parasite does not take further care to lay its egg on the body of the host. 
Therefore the young grub on hatching has sometimes to make a long search 
for the host. The young grub is extraordinarily hardy and active. It was 
found capable of wandering about for over twenty-four hours after hatching 
in search of the host. The terminal portion of its body seems very sensitive 
and is constantly kept moving as if to serve the purpose of feelers. On 
coming across a grown-up host larva, it feels it with the last abdominal 
segment and at once sticks to it. In the initial stages of its growth, the 
parasite grub makes a minute hole in the body of the host and feeds only on 
the body juice without injuring its essential organs. At this time its colour 
is light yellow and the body becomes more elongate, length being about four 
times the breadth (Plate XXTII, fig. 3, length 0*5 mm., breadth 0-13 mm.). 
Gradually the thoracic segments increase in size and become conspicuously 
broader than the head capsule. Later on, the grub begins to feed on the 
whole body contents of the host leaving only the outer body wall intact. At 
this stage, it acquires the pinkish orange colouration of the host and its shape 
also undergoes a considerable change. The body swells up very much in the 
middle, the first and second abdominal segments marking the maximum 
width of the larva which is about 0*83 mm. When full grown, the grub 
measures about 1*8 mm. in length (Plate XXIII, fig. 4). Posterior to the 
second abdominal segment, the body narrows down almost uniformly, the fifth 
abdominal segment behind and the head in fi:ont having almost equal 
thickness. The last four abdominal segments remain narrow and continue to 
move actively and function as feelers, 
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The first appearance of the swollen pink stage is fairly soon, viz., about 
four to six days aftc^r hatching at 18°C., provided the food supply is abundant. 
After another four days the grub acquires the maximum size and is full grown. 
At this time it stops feeding, the pink food inside gets digested and the body 
colour becomes lighter — first orange yellow, then almost yellow, with a tinge 
of orange. It contracts, lies motionless for about forty-eight hours and 
evacuates its excreta which are seen deposited near the posterior end of its 
body. It finally transforms into a pupa. The total larval period is about 
twelve to fifteen days (average of ten observations being 13*1 days) at 
18°C. 

During the entire larval period, the parasite grub consumes three to four 
host larvae and this number is usually available in one linseed bud. When 
the parasite egg is laid in buds containing less than three host larvae, it 
probably gets starved or yields small-sized adults, as it is not capable of moving 
from one bud to the other. On the other hand, where more than four larvae 
are found — the maximum so far found is ten — ^it is probable that all are killed 
because the parasite has the habit of leaving one host larva partly consumed 
and passing on to another if available. 

Pupa . — ^The full-grown grub pupates within the bud, the posterior 
end of the body being glued to the surface of petals. This keeps the pupa 
secure in the bud and also helps the adult to extricate itself and emerge from 
the pupal case. The pupa (Plate XXIII, figs. 5 and 6) is naked and measures 
about 2 mm. in length and 0*75 mm. in breadth. 

The pupal period at 18^0. is eleven to fourteen days, average of eleven 
observations being twelve days. 

Pre-imaginal period . — ^From the foregoing account, it will be noticed 
that the pre-imaginal period at 18°C. is about twenty-eight days. Large 
number of linseed buds containing eggs of the parasite were collected from, 
field during February 1937 and the pre-imaginal period wms determined at 
room temperature. Results are shown in Table I, 

Table I 


Pre-imaginal period of Systasis dasyneurae 


Date of collection 
of eggs 

Date of emergence of 
adult parasites 

Pre-imaginal 

period 

(Days) 

Temperature 

4th February 1937 . 

3-8th March 1937 , 

27-^32 

15°-20°C. 

5th February 1937 . 

4- 10th March 1937 

27—33 

ft 

16th February 1937 

17-20th March 1937 . 

29—32 
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These results ■ confirm the observations oarried out at constant tempera- 
tare of 18^0. 

Detailed description of the adult parasite is given in part II. 

3, Seasonal history and incidence 

At Pusa the juidges {Dasyneiira Uni) first appear in the field in the 
beginning of January and begin to oviposit soon thereafter. The first genera- 
tion ' of the midge is completed in two to three weeks ; thus, by tlie end of 
March, the pest completes about three generations. The incidence of pest 
is low in January but increases from the middle of February onwards. At 
Karnal the winters being more severe than at Pusa, the midges beco,me active 
a little later. The eggs of the jrarasite on the other hand were abundant in 
the fields at Karnal from 4th February onwards. 

It will be noticed from the account of the life-history given on the previous 
pages that the parasite is rather slow in its development, requiring about a 
month to complete one generation in February, but, because unlike other 
parasites, it is found in large numbers cjuite early in the season, it gets a com- 
paratively good start over the host. 

On nth February 1937, 3,565 advanced buds of linseed collected at 
random from a field at Karnal (Punjab) were kept under observation. Out 
of these, 254 midges, and 87 parasites emerged. At an approximate rate 
of three midge-larvae killed per parasite the percentage parasitisation works 


out as follows : — 

Number of larvae killed . . ... ™261 

Number of larvae emerged as flies . , = 254 

Total —515 

Percentage parasitisation . . . . . =^50*7 


This is a faiily high parasitisation for such an early time in the season. 
It must be however noted that this figure gives the percentage of full-grown 
larvae parasitised and is not based on the total number of larvae, because 
buds containing or likely to contain jmunger larval stages of the midge were 
not collected. Nevertheless, it is evident that the parasite plays an im- 
portant part in checking the activity of the pest. Observations taken at 
Sakrand (Sind) and Nagpur (Central Provinces) seem to confirm this view. 

II. Description op the parasites 
i. Sy stasis dasyneurae, sp. nov. 

Female, — Length about D 75-2*0 mm. Bright metallic green. Head 
transverse, nearly three times as wide as long, somewhat wider than thorax, 
viewed from in front nearly rounded ; frons convex, bright metallic green, 
densely reticulately sculptured and rugosely punctured, sparsely and finely 
setose ; vertex rather narrow mesad, with a depression latero-caudad of the 
lateral ocelli ; ocelli in a slightly curved line, the front one at apex of the 
antenna] foveae and the lateral ones separated from eye borders by a distance 
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1 1 f/% til PIT diameter ' malar space about tbreefourths the height of 

nearly equal laterad anteriorly ; left mandible 

the rio-ht with an additional very minute denticle between the 
tridentate and ^ coppery red. Antennae inserted above 

second and the third teeth , eyes aa« copi j _ segments twelve ; 

an imaginary line draw o above and light brown below ; pedicel 

very dark metalhc ^ slightly wider ; funicle dark brown, 

SSSl <S aegSen? about fouxaftha the longtb of 

Sw clS S of pedicel. triMticulate tot segment about on. 

Sd one fourth shorter than the fifth fumcle segment. 

the region J before apex. Propodium very short 

aM^a^ost ^hidden by scutellum mesaUy, expandmg lateraUy, reticiilately 
iwi+nriud • with weU-developed median and lateral carmae ; median carina 
sculptui , running along caudal margin but not specially broad ; 

forkmg mesad along caudal margin and also 

laW to the lateril margin but more faintly ; spiracles large, round, situated 
Lear cephalic margin in an obscure impression whose caudal margm is family 

Pore wings hyaline, about twice as long as broad vems dark ^^ow ; 
maroinal vein nearly twice the stigmal vein ; postmargmal vein nearly one and 
^nSth to twice the stigmal ; stigma round ; submar^al vem distmctly 
ien before and abruptly more slender than the margmal vem ; there are 
SC a *a£ht line caudad of and parallel to the maigmd vm ; 

fringes moderately short. Hind wings not specially narrow, then 

margins not parallel. . , ^ ^ i xx 

Legs : all coxae and hind femora concolourous with thorax ; basal ttoee- 
fourths^of fore and mid femora dark coppery brown ; tibiae and tarsi yeUowish 
brown j terminal tarsal segment brownish. 

Abdomen somewhat longer than the rest of body, conic-oyate ot ovate, 
metallic green or bluish-green ; sculpture scaly, with sparse white pubescence 
denser apicahy than basaEy ; ovipositor not exserted. 

ITak,— Length about 1 • 5 mm. Except scape below and at base, antemae 
dark brown ; funicular segments elongated ; first fumcular segment is y 
longer than pedicel but equal to the combined lengths oj WftT 

ring joints ; second segment nearly equal to the first ; third slightly shorter 
foilth equal to third ; fifth a httle over tbreefourths the | 

club about as long as the two precedmg segments comhmed , 
club nearly as long as the fifth funicular segment. M^onotum with the ^ 
bilioate punctures^ more sparse than in the female. Propodium moderately 
broad mesad. Pore wings with stigma relatively larger ; surface pubescence 
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soiiiewliat filler. Hind relatively narrow with inargiiLs HiibparalleL 

Fore and mid femora, exee]>t basal oiietliird, dirt)' firoun. Hind femur 
concoloiirous with thorax. Abdomen alxjiit ty\v'otl:ii:ivis tiie rest of body,, 
other characters as in the female. 

Holotype—Oiie female in spirit, in Piisa collection. 

Allotype . — One male in spirit, in Piisa collection. 

Pam-types females and males in spirit and on pins, one female 
and one male iiioiiiited on slides, in Piisa collection. ■ 

Host. — Dasymura lini Barnes, second iiistar .larvae. 

Coll. T. .Ahmad, Kariial (Punjab), Feb. -March, 1937. Also Piisa (Bihar) ; 
Nagpnr (Central. Provinces).? 

This new species reminhles Syskisis Giraiilt [1915] in size, colour, 

and in the lateral cariiiae on propodiii.:!ri but difters in t..lie relatively longer post- 
marginal vein. From S. insMlaris Dodd & Giic [1915], wdiich. it approaches 
more closely, it is readily distingiiislied by the differently coloured fore and mid 
legs and longer postmargiiial vein. From S. Iienrici Gir. [1915] it differs in 
the tridentate mandible. 

The genus Systasis Walk. [1834], recorded here for the first ti.me from India, 
co.inprises fifteen species, cosmopolitan, but mostly described from Australia 
so far. It belongs to the tribe Tridymariae of the family Miscogasteridae 
and is easily recognised by twelve- jointed ariteiin,ae (with two ring-joints) 
inserted in the middle of face, reticulately sculptured thorax vitli scattered 
iimbi.lioate punctures, hyaline wings, marginal vein being twice the stigmal, 
and by the row of long setae behind marginal vein. 

2. Ecrizotomorpha^. gen. nov. 

This new genus is erected for a Pireii.iiie bred from linseed midge along 
with Systasis dasynmrae. It is readily recognised by t.lie pubescent eye, 10- 
jointed antennae, triarticulate maxillary palpi, long stigmal and postm.argiii.al 
veins, stout, and compressed posterior tibiae anci normal second abdominal 
tergite. From Herhertia Howard. [1894], wb.icli it resembles .in t.he eye pube- 
scence and number of antennal segments, it is easily distinguished by the well- 
developed stigmal vein and normal second abdominal tergite. From Ecri- 
^0^65 Forster [1861], which it approaches, most closely in veiiatioii' and nioiiili- 
fo.iTn antennae, of male, . it is separated by the, pubescent eyes, absence of 
ring-joints and triarticulate maxillary palpi. It also bears a superficial resemb- 
lance to Spathopus Ashin. [1904] in .its stout and compressed hind tibiae and. 
s.hort stouter fore tibiae but differs in the longer hind tibiae, pubescent eyes, 
absence of ring-joints and clypeus produced obtusely but not triangularly. 
It is not likely to be confused with the other genera of the subfamily. In 
Ferriere’s [1934] key this genus runs to couplet number 13, but differs "in the 
funicle having only the first and third segments transverse in female and by 
the prominent hypopygium and ovipositor. 


w 
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The following is a full description of the gehUs : 

Non-metallic. Head transverse, thin mesad, narrow at vertex, wider 
than thorax, rounded in front view. Eyes large, pubescent, not con^yerpng 
above. Clypeus obtusely produced anteriorly. Maxillary palpi triartpppe. 
Mandibles tetradentate. Antennae short and clavate in female, mspted low 
down in the face in level with the lower border of eyes ; pgments tep rmg- 
joints absent ; scape long, broad, sub-compressed ; pedicel large, shOTt ;_ first 
ind third funicular segments transverse and resemble rmg-jomts ; club toarti- 
culate, terminal segment armed with three spmes apically ; m male ^cle 
moniliforrn closely pilose, club biarticulate, termmal segment endmg 
in a nipple-lilre prolongation bearing a long spine. Thorax flp, deprpsed, 
finely ^caly and with a few scattered setigerous,_ minute punctoes. 
Fore tibiae stouter and shorter than femora ; in male hind tibiae longer than 
femora, broad, compressed apicaUy. Wings hyaline ; submargmal m fore 
wings abruptly slender and broken before imting with marginal yein ; marginal 
vein twothirds the submarginal, also twice the well-i^veloped stagmal vem , 
postmarginal vein somewhat shorter than stigmal. Parapsidal furrows weU 
developed and deep. Propodium not short mesad, smooth, ecarmate, not 
produced at apex ; spiracles round and cephalad ; spiraeular sulci present. 
Abdomen in female equal to or somewhat longer than the rest of body, ovate, 
sessile, second tergite short ; ovipositor and its sheath exerted but not much ; 
in male variable, compressed and oval or elongate oval and normal, shortly 
petiolate, second tergite as in female ; hypopygium prominent. 

Genotype,— E. taskUri, sp. nov. 

3. Ecrizotomorpha taskhiri, sp. nov . 

Female.— Length varies between 0- 9-1-5 mm., the average being about 
1 • 25 mm. Black, non-metaUic. Head slightly wider than long, thm at ver- 
tex and thick near mouth, with a few scattered setigerous punctures ; clypeus 
slightly metallic blue. OceUi almost in a line. Scape dark reddish brown 
a little over half the length of flagellum ; rest of antenna reddish brown. Pedicel 
much shorter than club. First funicular segment short, transverse, narrow, 
trapezoid, resembhng a ring joint ; second funicular segment subquatote, 
twice the length of first, broader ; thud segment like the &st ; fourth and 
fifth subequal to second but wider ; club threefourths the length of scape, much 
wider than last funicular segment, segments equal ; terminal segment obtusely 
reduced and broadly rounded apically, with two long, stout, lateral spmes and 
a much longer, slender median spine. Thorax black, scaly, with few scattered 
punctures or none, but setose. Veins dark brown. Except coxae and femora 
which are concolourous with thorax, legs light brown ; tibiae shghtly darker 
outside basally ; knee pale. 

Male. — ^Length varies between 1-0-1 -5 mm. Black. Pedicel some- 
what longer than the first funicular segment. Funicular se^ents^ sub- 
globose, except last which is somewhat elongated. First segment of club halt 
the length of club and one and onefourth the last funicular segment. Hmd 
tibiae dark brown. Otherwise as in female. 
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Ilolotype . — One female in spirit, in Pnsa collection. 

Allotype . — One male in spirit, in Pnsa Collection. 

Paratypes . — Several females and males in spirit and on cards, two females 
and males mounted on slides ; in Pusa Collection. 

Coll. T. Alimad, Kamal (Punjab), Feb.-March, 1937. Status uiilmowii ; 
possibly a liyperparasite of Systasis dasyneurae. 

SXTMMABY 

Part I deals with the biology and morphology of Systems dasyneurae, 
a larval parasite of the linseed midge, Dasyneura Uni. Eggs are laid singly 
inside unopened flower buds of linseed containing welhdeveloped larvae of 
the midge, revealing thereby a marked sense of selection on the part of the 
parasite. The young grub on hatching is fairly hardy and can roam about 
for over twentyfour hours in search of host larvae. The last four abdominal 
segments of the grub are very narrow as compared to thorax and the remaining 
portion of abdomen, and are kept actively moving about to search and feel 
the host larvae. Before pupation, the grub consumes three to four larvae 
and this number is usually available in one linseed bud. The full-grown grub 
pupates within the bud with its posterior end glued to the surface of petals. 
At 18®C. the egg stage lasts two to three days, the grub stage twelve to fifteen 
days and the pupal stage eleven to fourteen days. Thus under these conditions 
one generation is completed in a little less than a month. The parasite seems 
to play an important part in controlling the pest, as unlike many other para- 
sites it is fairly abundant early in the season. In February 1937 as many as 
50- 7 per cent of full-grown larvae in buds collected from Karnal (Punjab) were 
estimated to have been killed by the parasite. 

Part II gives the descriptions of Systasis dasyneurae, sp. nov. and another 
Chalcid Ecrizotomorpha taskhiri, gen. et sp. nov. The exact status of the 
latter is not known but presumably it is a hyperparasite on the former. 
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Introbtjctiox 

Coconut palms in South India are subject to infestation by at least 
three major pests, viz., the coconut palm beetle (Oryctes rhinoceros), the 
palm weevil {Rhynchophoroiis ferrugineiis) and the blaek-heacled caterpillar 
(Nephantis sermopa). Of these, the beetle is most widespread and persistent 
in all coconut-growing centres in the Madras Presidency and the adjacent 
states of Cochin, Travancore and Mysore. It is reported to be a serious 
pest also from other provinces, such as Bombay and Bengal. Outside India, 
it has been recorded from several countries, such as Burma, Ceylon, Singa- 
pore, Sumatra, Java, Celebes, the Philippine Islands, etc. 

Several authors have made observations on this insect, viz., Fletcher 
[1914] and Ramchandra Rao [1930] in South India, Ghosh [1911] in Burma, 
Hutson [1933] in Ceylon and Mackie [1917] in the Philippine Islands. The 
beetle has been reported upon also, in the report of the Proceedings of the 
Second Entomological Meeting, Pusa, by various wBrlvcrs in the different 
provinces. From a perusal of the literature, it appears that there are varia- 
tions in the life-history, depending with locahty and season where the pest 
was studied and therefore it is necessary that more data should be collected 
by further intensive study. During the past three years some interesting 
observations have been made in the field and the laboratory at Coimbatore 
and the results thereof are presented hereunder. 

Habitat 

While the adult beetle spends part or whole of its fife in the crowuis of 
trees (coconut, palmyra or Talipot palms), at no other stage it is found in 
the living tree. The eggs are invariably laid in the heaps of farmyard manure. 
Occasionally the beetle, eggs and larvae are also found in decaying vege- 
table matter, such as dead coconut trunks and stumps, decomposing damp 
choir refuse in coastal tracts, heaps of wet sugarcane trash, and almost any 
kind of compost in fermenting condition. Invariably, a tree destroyed by 
the palm weevil disintegrates and becomes easily a veritable breeding ground 
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for the beetle larvae. But more commonly, the manure pits of dung and 
trash, when kept undisturbed, serve as a favourite breeding place for the 
beetle in all the tracts in South India. 

Life-cycle and description of immature stages 
Egg . — ^The female beetle burrows into the partly dried-up dung heap 
and lays its eggs and, under such situations, it is mostly unaccompanied by 
its male partner. The eggs are laid two to six inches below the surface in 
semi-wet dung, each egg being deposited individually and covered over with 
dung material. The egg is almost oval or eUiptical in form, measuring 3-1 
X 2* 1 mm. on an average. Before hatching, the creamy white colour changes 
to yellowish brown and the average size of the now almost spherical egg comes 
to 4-0X3-4 mm. The egg period varies a good deal taking seven to twenty 
days as wiU be seen from the rearing record given below. It is also known 
from rearings at the Insectary that the eggs laid on the same day, do not 
aU hatch within the same interval and that a number of eggs in each lot fail 
to hatch due to natural causes. 

Table I 


Observations on the duration of the egg period'^ 



Number of days 


Month 

Minimum 

Maximum 

Average 

Remarks 

1936 





May . 

7 

U 

9-24 

25 eggs examined under 
field conditions. 

June . . 

8 

! 14 

10-00 

18 eggs examined under 
field conditions. 

July . . . . 

13 

16 

14*50 

21 eggs examined under 
field conditions. 

August 

9 

11 

9-75 

12 eggs examined mider 
field conditions. 

September . 

7 

18 

12-81 

37 eggs examined under 
field conditions. 

October 

15 

20 

17-36 

11 eggs under laboratory 
conditions. 

ISTovember . 

8 

11 

8-88 

11 eggs under field con- 
ditions. 

'JDecember . 

9 

15 

11-05 

17 eggs under laboratory 
conditions. 

1937 





January 

13 

13 

13-00 

6 eggs under laboratory 
conditions. 

February • 

11 i 

14 

12-60 

15 eggs under field condi- 
tions. 

March 

9 


10-43 

32 eggs under laboratory 
conditions. 

April . . . . j 

9 

13 

11-20 

20 eggs under field condi- 
tions. 


* The exact egg period was ascertained by examining the cages daily. 


m. 
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Orub and Us habits , — The newly hatched grab nieasiires 5*5 to 6-0 mm. 
in, length and is whitish in colour with a pale brown head. It commences 
feeding soon after hatching and, in the course of about forty days, attains 
a size of about 100 mm. by active feeding and growth. Afterwards, there 
is practically little change in size. The full-grown grab is clumsily heavy 
and sluggish in its movements and it always seeks refuge deep below the 
surface layers of breeding material. The grabs are found at a depth of 2-12 
inches, in the semi-W'et dung cakes. During unusually dry period, with 
scanty dung material, young grubs perish and older ones attempt to bury 
themselves in the deeper layers of moist earth. During periods of active 
feeding, large quantity of dung material and decomposing vegetable matter 
are ingested and throwui out as conspicuous pellets and castings. The mature 
grab w'lien handled exudes large quantities of liquid through its mouth, and 
semi-solid black matter through its anal opening. The grub, preparatory to 
pupation, spends a good deal of time in probing the substratum to locate a 
suitable place for cell formation. Invariably, the earthern cell is excavated 
in the sides of the pit, usually 6-12 inches below^ surface level or rarely lower 
dowui in the bed of the pit where sufficient moisture is available. The grub, 
by its wriggling movements, smoothens the walls of the oval chamber now 
formed and the liquid and the faecal matter exuded in small quantities dry 
up to make a black smooth lining to the cell or chamber. When completed, 
the ball-like mass of earth or dung shows no opening or hole on the surface. 
The grub inside remains as such for about a week or more as could be observed 
from the cells constructed close to the glass sides of the cages under labora- 
tory rearing. The grab inside the cell gradually shrinks in size and the larval 
skin by its last moult is thrown off in the cell itself. Some grubs do perish 
in their efforts at cell formation and pupation. 

Under natural conditions, the grubs appear to desert the dung long 
before pupation and burrow into the soil close to the feeding material. In 
the course of rearing in the Insectary, a few growm-up grubs were placed in 
a special wooden cage, which w^as divided into tw^o compartments by a verti- 
cal wire-gauze frame across, leaving enough space at the bottom for the pas- 
sage of the grubs from one chamber to the other. One compartment was 
filled with earth and the other with dung cakes, and both kept semi-wet. 
The grubs were all let into the dung chamber, and at the time of pupation it 
was found that all slowly found their way to the earthern chamber and pupat- 
ed there, while not one of them pupated in the dung. It is also noted that, 
in many cases, a number of grubs perish at the time of pupation, if dung 
only is supplied. In successful cases, with the dung for pupation, the grub 
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stage was found protracted and by tlie time piijiatioii takes place, the dung 
by feeding and drying is almost reduced to the condition of powdery earth. 
In field pits, normally the grubs move away from the breeding material to 
the sides and bottom of the pit, and bury themselves in the earth for pupa- 
tion. In some cases white ants are seen invading the manure pits, and by 
their activities an admixture of earth with dung is brought about, and a few 
of the grubs have been found to pupate in this powdery mixture of earth and 
dung,. . The presence of wet soil nearby appears to be a favourable condition 
for successful . pupation. The larval period is. pretty long and it varies for 
different lots or for different specimens of the same lot, both under, field and 
laboratory conditions. The wide variations in the larval period, noticed in 
the course of a. few rearings, are recorded in Table II. 

Table II 


Duration of larval period 


Month 

■ 

Minimum 
in days 

Maxim imi 
in days 

Average 
in days 

Remarks 

1936 





May • ■ 

124 

152 

133-6 

3 rearings 

June . . 

98 

136 

115-3 

6 

July . 

87 

102 

99-5 

2 

September 

93 

168 

134-0 

4 

October 

182 

182 

182-0 ; 

1 

November , 

133 

150 

138-7 

4 ,, 

December . ' 

103 

159 

126-4 

7 

, 1937 





February , . . 

130 

: 139 

1.35-6 

3 33 , 

.Marcli . : . : „ . 

88 

f 130,. 

iie-o 

3 » 


Pupa . — The newly formed pupa is pale brown and partly covered by 
the larval exuvium. Later, it becomes reddish brown showing the rudiments 
of the appendages of the adult folded within the pupal skin. In later stages, 
the pupa acquires a darker brown tint. The pupal skm is thrown oflf in the 
cell, and the adult beetle remains inside the cell for over ten days before it 
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comes out or siiows activity. The pupal period, from cocooning to the emer- 
gence of the adult from the cell, varies from seventeen to sixty -two days as 
observed in the following rearings. 

Table III 


Duration of pupal period 


Month 

1 Minimum 
in days 

Maximum 
in days 

Average 
in days 

Remarks 

1936 





May .... 

17 

32 

24-6 

6 rearings in lab. 


29 

29 

29*0 

1 rearing in field. 

June .... 

28 

28 

28*0 

2 rearings in field. 

September 

31 

31 

31*0 

1 rearing in lab. 


62 

1 62 

62*0 

1 rearing in field. 

October .... 

34 

1 38' : 

36-0 

2 rearings in laib. 


21 

1 35 

28-5 

9 rearings in field. 

November 

43 

1 43 

43-0 

1 rearing in field. 

December 

31 

31 

1 31-0 ^ 

1 rearing in lab. 


25 

54 

44-4 

3 rearings in field. 

i 

1937 

i 




, 

1 

January . . . . | 

28 1 

28 

1 28*0 

4 rearings in lab. 

February . . . . 1 

35 

35 

' 35*0 

1 rearing in lab. 


In view of the fact that the period from cocooning to emergence in- 
cludes also stages of inactive larva as well as inactive adult within the cell, 
wide variations are inevitable. In a few instances, these different periods 
inside the cell have been observed by keeping some individuals close to the 
glass ^v'alls of the cage or by making a small opening in cell for examina- 
tion. Such details of observations are given in Table IV. 


Table IV 


Cell formation 

Pupation 

Becoming adult 

Emergence 
out of the 
ceU 

Actual 
period as 
pupa (days) 

16th Sept. 1936 

26th Sept. 1936 

16th Oct. 1936 

28th Oct. 1936 

20 

16th 

28th 

18th 

1 28th „ 

20 


28th 

18th 

1 27th „ 

20 


28th 

22nd „ 

27th 

24 

5tli Oct. 1936 . 

16th Oct. 1936 

9th Nov. 1936 

18th Nov. 1936 

24' 

6th „ 

16th 

9th 

16th 

24 

3 1st May 1937 . 

12th June 1937 

22nd June 1937 

30th June 1937 

11 

! 
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If, during early stage of cell formation, the grub is disturbed, grubs 
h are been known to rebuild fresh cells twice and thrice. 

Total life-cycle 

The total life-cycle in a few typical cases of rearing from egg to adult 
is given in Table V. 

Table V 

Duration from egg to adult 


Remarks 


Egg laid on 

Adult emerged on 

Life-cycle in days 

2 1st Dec. 1935. 

1st June 1936 


162 

2 1st j, jj . . 

29th May „ 


169 

I7th Sept. 1936 

17th „ 1937 


232 

16th Dec. „ . 

27th 9) ft 


163 

15th * • 

12th June „ 


179 

2nd Nov. „ . 

17th May „ 


196 

30th 'fan. 1937. 

28th July ,9 


179 

loth Feb. „ . 

28th ff ft 


168 

21st >j • • 

30th June „ 


129 

20th May 1936. 

22nd Oct. 1930 


166 

22nd jj » • 

6th Nov. „ 


168 

23rd „ „ . 

23rd „ „ 


184 

7th June „ . 

6th ft 99 


152 

8th }) »> • * 

6th 99 ft 


161 

16th July „ . 

30th Dec. „ 


168 

13th f9 * 

21st Jan. 1937 


192 

20th Aug. „ . 

21st 9 f 


164 

4th Sept. „ . 

23rd „ „ 


141 


^Reared in the labo- 
ratory. 


Reared in ' the 
manure pits. ■ 


The temperature and humidity at which the life-history of the beetle 
was studied are given in Appendix 1. 
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Esg-laying records 

Few workers have indicated large scale trials on the egg-laying capacity 
of the beetle. The paucity of records on the egg-laying habits of the beetle 
appears to be due to the fact, that many specimens kept in captivity die 
awaj" without laying eggs. Ghosh [1911] records “ several pairs were placed 
separately but only two females laid eggs ”, one laying eight eggs and the other 
four eggs. Mackie [1917] has indicated only a probable maximum of thirty 
eggs. At Coimbatore, under laboratory conditions, large number of beetles 
were reared out and induced to lay eggs in captivity, providing a variety of 
conditions. Considerable difiiculty was experienced, in the initial stages, 
in giving a proper feed to the beetles in cages. In the course of the trials, it 
was found, that the beetles in captivity could be fed more successfully wnth 
cane stems than anything else. Out of twenty-four attempts, egg-laying 
was observed in a dozen cases, and the records relating to a few typical cases 
are given in Table VI. Under field conditions, a fertilised female, that 
has entered a suitable manure pit for laying eggs, is observed to remain there 
for a number of days laying a few' eggs each day or at intervals. A few obser- 
vations on the beetle’s egg-laying in field pits are shown in Table VII. It 
will be seen from Table VI that a single female beetle laid as many as 
140 eggs which is the maximum number recorded and two beetles collected 
from the field and kept in captivity in field cages in manure pits laid over 
100 eggs each. 


Longevity records 

The duration of life of the adult is also subject to great variation under 
varying circumstances. The study of longevity is particularly important 
in this instance, in view of the direct injury to the palms caused by the adult 
beetles. The past records on the longevity of the beetle are scanty. Mackie 
[1917] puts the limit as eighty-five days and other workers do not seem to 
have paid much attention to the details of this aspect. In the course of rear- 
ings in the Insectary at Coimbatore, during the past three years, the longe- 
vity was studied in a number of cases and the longevity records with reference 
to twenty-eight typical cases are shown in Table VIII. It will be seen from 
the table that (1) one female beetle lived for 293 days, (2) one male lived for 
231 days, and (3) in seven other trials the specimens lived for more than 200 
days, 

X 2 
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Table 

Egg-laying records under 


4th batch 


5th batch 


6th batch 


'th batcli 


1st batch 


8rd batch 


33 ate of 
emergence 
of pair 


20- 9-36 ^ 

21- 9-36 ? 


142 10-2-37 


21-3-37 


9221-12-36 


13-2-37 3 


21-3-37 


29-4-37 


20-9-86 ^ j 
16-10-36 ? 17 1-11-36 


2-11-36 2 


28-10-36 ^ 
28-10-36 $ 


39 5-12-36 


8-12-36 3 


28-10-36 ^ 
28-10-36 $ 


10-1-37 24 


16-2-37 


28-2-37 


28-10-36 ^ 
5-2-37 $ 


23 28-2-37 


8-3-37 2 


10-3-37 14 


12-3-37 


26- 

27-3-37 


29-3-37 


17-5-37 ^ 
7-5-37 9 


26 12-6-37 


4-7-37 


10-7-37 


18-7-37 


6 13-8-37 


22-8-37 


16-8-37 


17-6-37 ^ 
12-6-37 9 


11-7-37 


23-7-37 


15- 

16- 8-37 
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VI 

laboratory conditions 


Sth batch 

9tli hatch 

lOtli batch 

1 ith batch 

12th hatch 

ISth batcii 

I'Ull luTfcIl 

Dare of 
death 

w 

o* 

d 

Date of egg-laying 

U3 

SC 

SC 

Q 

o 

g 

Date of egg-laying 

i 

1 03 

I SC 

s sc 

j © 

o 

o 

Date of egg-iayliig 

i 

03 

SC 

SC 

© 

o 

6 

'fr, 

Date Of egg-laying 

tXi 

sc 

so 

a 

o 

6 

Date of egg-laying 

X 

sc 

sc 

Q 

o 

o 

Jg; 

sc 

« 

1 

M. 

© 

o 

'% 

Q 

on 

SC 

CO 

© 

C 

d 

Date of egg-laying 






i 










26-4-37 

■A 

o 


31-3-37 

16 

3-4-37 

: 9 

7-4-37 

\2i 

8-4-37 

' 

18 

9-4-37 

4 

10-4-37 

14 

13-4-37 

4 

24-4-37 

p 

140- 















10-5-37 

6"' 


9-6-37 

2 

21-6-37 

6 

27-6-37 

15 

30-6-37 

S 







10-7-37 

2 

99 















21-12-36 

















escaped. 

















25-1-37 


19 






- 









25-3-87 






i 

i 








1 



19-3-37 

9 

6 








i 







15-5-37 






i 

{ 




1 



! 




31“i)-3 1 

9 

223 

12-3-37 

1 

24-3-37 

|31 

25-3-37 

49 

10-5-37 

40 i 

13-5-37 

25 

16-5-37 

15 

31-5-37 

3 

11-0-37 

9 

2 
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$ 
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1 

32 
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53 

_l 
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30 
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1 
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! 
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1 

— wwrn 



i 
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Table 

Egg-laying retcords 


Serial 

No. 

Date of 
capture of 
female 

Eggs 

at 

the 

time 

of 

cap- 

ture. 

1st batch 

1 2nd batch 

3rd batch 

4th batcli 

1 5th batch 

Date 
of egg- 
laying 

No. 

of 

eggs 

Date 
of egg- 
laying 

No. 

of 

eggs 

Date 
of egg- 
laying 

No. 

of 

eggs 

1 ■ 

1 Date 
j ofegg- 
1 laying 

No, 

of 

eggs 

Date 
of egg- 
laying 

No. 

of 

eggs 

1 

20-5-36 

36 

21-5-36 

7 

22-5-36 

6 

23-5-36 

6 

24-5-36 

4 

25-5-36 

5 

2 

4-6-36 . 

69 

5-6-36 

1 

7-6-36 

9 

8-6-36 

4 

9-6-36 

2 

11-6-36 

4 

3 

9-7-36 . 

mi 

13-7-36 

17 

14-7-36 

5 

15-7-36 

2 





4 

26-8-36 

24 

28-8-36 

20 

29-8-36 

2 

4-9-36 

45 

13-9-36 

1 

16-9-36 

4 

5 

2-9-36 . . : 

74 

I 

' 

27-9-36 

1 

1 

8 

1-10-36 

3 

4-10-36 

5 

7-10-36 

9 

11-10-86 

4 

6 

30-10-36 

mi 

1 

j 

15-11-36 1 

! 

■j 

i 

18-11-36 

12 ! 

25-11-36 

1 ! 

26-11-36 

1 



7 

10-2-37 

Nil 

1 

18- 

19-2-37 

10 

21-2-37 

13 







8 

8-4-37 * 

44 

14-4-37 

17 

15-4-37 

7 

16-4-37 

12 

25-4-37 

2 



9 

14-5-37 

Ml 

29-5-37 

2 

21- 

22-6-37 

6 



r 

. 

1 
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yii 

in fnamire pits 


6,thi batcii 

7th bateli 

Sth hatch 

9th hatch 

! loth batch 

Date of 
death 

'' Total 

No, of' 
eggs 

Bate 
of egg- 
laying 

No. 

of 

eggs 

Bate 
of egg- 
laying 

No. 

of 

eggs 

Bate 
of egg- 
lajing 

■ 

No. 

of 

eggs 

Bate 
of egg- 
laying 

; No, 

' Of 

eggs 

! Bate 
of egg- 
iaylng 

No. 

of 

eggs 

26-5-36 

6 

29-5-36 

1 

30-5-36 

2 

31-5-36 

1 

1-6-36 

1 

4-5-36 

94 

13-6-36 

3 









17-6-36 

92 





' ‘ 






28-7-36 

24 

17-9-36 

8 

18-9-36 

3 

22-9-36 

7 

23-9-36 

1 



5-10-36 

115 

18-11-36 

12 






1 

! i 

i 

1 

. 1 

27-11-36 

115 











i 

29-11-36 

15 








i 


I 

S-8-37 

23 








, 



10-5-37 

■82 • 




i 

1 






1 

24-6-37 
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Table VITI 


Longevity records under laboratory rearing 


Serial 

No. 

Date of 
emergence 

1 Date of 

1 death 

Longevity in 
days 

Remarks 

1 

9-8-35 

25-8-35 

Female 

16 


2 

9-8-35 

5-9-35 

Male 

27 


3 

27-3-36 

17-4-36 

Female 

21 


4 

27-3-36 

20-4-36 

9> 

24 

Reared specimens — ^kept without 
feed. 

5 

27-3-36 

22-4-36 

9f 

26 


6 

27-3-36 

22-4-36 

99 

26 


7 

27-3-36 

22-4-36 

Male 

26 


8 

27-3-36 

4-5-36 


38 


9 

20-9-36 

26-4-37 

99 

218 

1 Pair — ^I’eared specimens — fed with 
1 sugarcane stem and kept in dark 

10 

21-9-36 

24-4-37 

Female 

215 

J chamber. 

il 

21-9-36 

10-5-37 

Male 

231 

■) Reared pair — fed with cane stem — 

12 

20-9-36 

10-7-37 

Female 

293 

) and kept in dark chamber. 

13 

24-9-36 

9-5-37 

Male 

227 

) Reared pair— fed with cane stem — 

14 

24-9-36 

21-12-36 

Female 

88 

) and kept in dark chamber. 

15 

20-9-36 

21-12-36 

Male 

92 

1 Reared pair — ^male escaped — kept 
y in wire-gauze cage in the open ; 

16 

16-10-36 

25-1-37 

Female 

101 

J cane fed. 

17 

26-10-36 

13-12-36 

Male 

48 

1 Reared pair — kept in wire gauze 

1 cage in the open with dting for 

I egg-laying and Agave plant for 

18 

26-10-36 

21-12-36 

Female 

56 

J feeding. 

19 

26-10-36 

12-12-36 

99 

47 

1 

[Reared specimens — cane fed— male 

20 

26-10-36 i 

1-3-37 

Male 

126 

f escaped — kept in glass jar. 

21 

26-10-36 

31-5-37 

Female 

217 

J 

22 

28-10-36 

19-3-37 

99 

142 

) Reared specimens — cane fed — in 

23 

28-10-36 

25-3-37 

Male 

148 

3 glass jars. 

24 

28-10-36 

15-5-37 

Male 

199 


25 

28-10-36 

• 31-5-37 

Female 

215 

Reared specimens ; cane fed in 

26 

28-10-36 

11-6-37 

Male 

226 

jars ; male escaped. 

27 

28-10-36 

17-4-37 

Male 

171 


2,8 

28-10-36 

18-3-37 

99 

141 

Reared specimens — cane fed in 

29 

5-2-37 

13-5-37 

Female 

97 

jars. 

30 

5-2-37 

12-6-37 

Female .. 

127 


31 

17-5-37 

13-9-37 

Male 

119 

) Reared pair — cane fed— kept in 

32 

17-5-37 

1-9-37 

Female 

107 

3 glass jar. 

33 

17-5-37 

12-9-37 

Male 

119 

1 Ditto. 

3 

34 

12-6-37 

7-9-37 

Female 

87 
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Taplb Vni — conMu 


Serial 

No. 

Date of 
capture 

! Date of 
i death 

i 

j 

1 

Longevity in 
days 

Bemarks 

35 

21-12-36 

1 16-6-37 

I i 

1 

Female 147 

1 Collection from outside — date of 
emergence not known kept in 
dark chamber — cane fed. 

1 ^ 

1 - 

27-§-36 

9-5-37 i 

Female 224 

Specimen collected from tree — -left 
without male in jar and cane 
fed — date of emergence not 
known. 


Study op seasonal incidence 


In a plot with sixty-eight young trees the seasonal incidence of the pest 
has been under observation. The beetles in a dozen trees specifically marked 
were being examined and systematically hooked out every w^eek, and at the 
same time in the same area two small manure pits 4 ft. x 4 ft. x 4 ft. were 
also dug out and kept in suitable condition for the beetles to come and lay 
eggs. The pits were examined alternately once a week to note the presence 
of the beetle or eggs in the dung. As the dung got dry fresh dung was added 
periodically so as to maintain always a suitable semi-wet condition for egg- 
laying by the beetles. The record of the beetles removed from trees and 
those along with eggs, if any, from pits, is given in Table IX. 

Table IX 


Incidence of the beetle in field trees and pits 




Number of beetles in dozen trees 


Month 




Beetles, eggs and grabs in pits 



Female 

Male 

Total 


May 

1936 . 

1 


1 

1 female ; eggs nil. 

June 

» 

4 

6 

9 

1 female ; eggs nil. 

July 

9 ! 

6 

3 

8 

Nil. Nil. 

August 

99 

3 

1 

4 

2 females ; 1 male ; 24 eggs. 

September 

99 

3 

1 

4 

1 female ; 74 eggs. 

October 

99 

6 

1 i 

7 

Nil. Nil. 

November. 

99 

7 

3 1 

10 

1 female ; eggs nil. 

December 

99 

7 

3 S 

10 

1 female ; 16 eggs. 

J anuary 

1937 . 

6 

1 i 

! . 6 ■ 

1 female ; eggs nil. 

February 

99 

14 

6 i 

19 

Nil. Nil. 

March 

99 

20 1 

15 

, 35 

Nil. Nil. 


554 


THE INDIAN JOUBNAL OF AGBIGULTCJBAL SCIENCE [IX, HI 


Table IX — cmtd. 




Number of beetles in dozen trees 

Beetles, eggs and grubs in pits 

Month 

Female 

Male 

Total 

April 

1937 . 

31 

15 

46 

1 female ; 44 eggs. 

May 

>» • 

13 

9 

22 

mi. mi. 

tTuiie 


2 

2 

4 

mi. mi. 

July 


5 

3 

8 

3 females ; 1 male ; 173 eggs ; 

3 grubs. 

August 


8 

3 

11 

2 females ; 2 males ; 69 eggs j 
14 grubs. 

September 

n 

1 

2 

3 

5 females ; 3 males ; 68 eggs ; 
10 grubs. 

October 

>9 • 

5 

2 

7 


November 

99 

14 

6 

20 


December 

99 • 

14 

7 

21 

2 females ; 1 male ; 163 eggs. 

January 

1938 . 

14 

4 

18 

4 females ; 2 males ; 96 eggs ; 
16 grubs. 

1 female ; 1 male ; 15 eggs ; 10 
grubs. 

3 females ; 2 males ; 135 eggs ; 
63 grubs. 

February 

99 * 

10 

8 

18 

March 

99 • 

12 

13 

25 


It will be seen from the observations during a period of nearly two years 
that the beetles are active throughout the year and the egg-laying is also 
known for all the months with few exceptions. Broods overlap without 
any definite sequence as the beetles are capable of living for a long time and 
laying eggs intermittently, and as grubs of different stages are noted almost 
throughout the year. While some of the beetles begin laying eggs earlier, 
a good number appear to prefer a longer period of active feeding before evinc- 
ing breeding activity. It is also clear, that beetles visiting trees are more 
numerous during March and April. The same observations have been borne 
out by Ramchandra Rao [1930] who mentions that the attack is worst in 
the dry season from December to May. 

Natube and extent oe damage 

Unlike many other forms where damage to crops is caused by the larval 
stages, in this instance, it is the adult insect that works havoc. The beetles 
after emergence soon find suitable shelter and food in the tender crowns of 
the coconut trees. Young as well as old trees are visited by these beetles. 
They actively burrow into living tissue in the topmost tender regions of the 
stem, getting access through the axils of the leaves, or cutting through the 
unopened leaves. The beetle holes, about 1 in. in diameter, vary from J 
to 2 ft, in depth. Sometimes the leaf stalk itself is bored through longitu- 
dinally , Often the central shoot with one or two unfolded leaves is cut through 
drilled vertically down and^ as a result, the leaves break off when they grow 
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up and open out, and bear marks of the beetle damage in a characteristic 
manner. In the case of the seedlings and small trees at times of beetle abund' 
ance, successive growths of central shoots are hampered to the extent of 
killing the trees or causing a definite setback in their growth, by repeated 
attacks (Plate XXIV, fig. 1). Mackie [1917] records that about one per cent of 
the trees are actually killed annually due to the beetle attack in the Philippine 
Islands. Death to the trees, caused by the unaided efforts of the beetle 
alone, is rather difficult of verification and computation, as the attacked 
trees take a long time before thej?' are killed, and during the period other 
influences are at work. At the Insectary, two coconut seedlings about two 
years old had been kept under observation inside separate wire-gauze cages 
wherein beetles had also been liberated. In both cases, in the course of a 
year the seedlings were completely killed by the beetles. In nature, in view 
of the fact, that often four to six beetles are noted in a single tree at different 
axils and that beetles re-infest trees repeatedly in quick succession, substantial 
damage to foliage and growing stem is caused. In rare cases, the spathes are 
also attacked, resulting in reduction of nuts. Apart from such direct mecha- 
nical injury it is reported that as a result of the beetle damage, rain water 
collects in the excavations at the top, causing rotting. It is also indicated 
by Ghosh [1911], Hutson [1933] and others that the fresh wounds caused by 
the beetles attract to the tree the palm weevil which is capable of breeding 
in the tree itself. But, in South India, though beetle activity in varying 
degree of intensity is seen throughout, the weevil is less common. Our obser- 
vations on the weevil also suggest that the reverse is always true, i .e., a weevil- 
attacked tree is sooner or later a definite source of attraction to the beetle. 

Pood plants othee than coconut in India 

Fletcher [1914] has recorded the pest on palms of various species, American 
aloes and sugarcane. Ghosh [1923] gives a detailed list of palms infested 
by the beetle. In South India, the coconut palm is the most attacked, though 
the palmyra and the T alipot palms are also affected to some extent. Recently , 
the beetle has been noticed as doing damage to pineapple by E. R. Gopala 
Menon at Taliparamba. Agave is also another plant attacked by this beetle ; 
when plenty of palms are available in the neighbourhood this plant is rarely 
attacked. 

Contbol methods tbied 

The very fact that various methods have been tried from time to time 
by various workers suggests that no one method has proved entirely satis- 
factory or suited for universal application. The following were tried at Coim- 
batore : — 

I. Trial of baits , — Several kinds of baits namely, sweetened mash of oil- 
cakes — such as groundnut, castor, gingelly, coconut— with molasses, both in 
semi-solid and hquid conditions and allowed to ferment in earthen pots were 
tested. The beetles were not found trapped in any of these. 
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2, Insecticidal trials , — Granulated calcium cj^anicle was applied in small 
quantities to tlie bore boles containing beetles in young coconut trees. Tbe 
beetles were found killed, but on such trees it produced slight damage by way 
of scorching or discolouration to the leaves, especially the tender shoots. As 
such the material is found unsuitable. 

5. Use of light traps , — During periods of abundance of the beetles they 
dash against street lights but they do not seem to be attracted to specific 
light traps in any number to be of economic value as control. 

4, Trap pits . — Eemoval of beetles and their immature stages from breed- 
ing material, such as manure heaps, dead coconut stumps, etc., has been 
suggested by many. This method is no doubt of some economic value but 
has itvs own drawbacks. In a small area, with sixty-eight young trees, there 
were two trap pits containing dung. The beetles, eggs and larvae, were 
removed from each of these pits, at intervals of a fortnight systematically. 
From May 1936 to March 1938, as many as 42 beetles, 877 eggs and 116 grubs 
were removed, but there was no material reduction in the damage to the trees, 
due to the influx of beetles from breeding places elsewhere. The destruction 
of beetle stages in breeding material in trap pits is not likely to confer much 
protection to individual gardens unless control measures are taken over a 
large area. 

5. Use of beetle rods , — ^An iron rod, about ft. long, 3/8 in. thick and 
with a hook at one end and the other end bent so as to form a ring for grip- 
ping serves fairly satisfactorily for easily locating and removing the beetles 
from holes. In rare cases, the bore holes run across stem or petiole, when 
the beetle remaining there is not easily dislodged. In such cases, the side 
fibrous n 7 attings covering the base of petioles have to be disentangled and the 
leaf base exposed, to reach the beetle which is then hooked out. As a protec- 
tion against further entry of beetles into the holes, the holes are filled with 
sand. 

Natural enemies 

A mite {Uropoda sp.) is sometimes found in large numbers infesting 
the beetle but no beetle was found actually killed by the mite attack. In 
rare cases, the mites attack the pupal stage and are able to weaken the emerg- 
ing adult. 

Ants in manure pits attack pupae in imperfectly formed cells and bring 
about casualties to the same. But the greater mortality to larval and pupal 
forms, appear to be due to causes, such as overcrowding, want of suitable 
situation for pupation and drying up of the dung. 

Crows are fond of preying on the beetle grubs. When the contents of a 
manure pit are spread out, crows collect in the area in numbers and remove 
all exposed grubs. 

The green muscardine fungus , — Smith [1936] from Ceylon has described 
the method of controlling the larvae in breeding places by utilising the green 
muscardine fungus, Hopkins [1927] has reviewed the work of Friederichs 
in the introduction of natural enemies in Samoa including the green muscar- 
dine fungus Tor the control of the beetle. Though the early introduction 
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of til© fungus in Ceylon was not reported to be a success, it is now recognised 
in Ceylon as one of the effective means of checking the pest. Through the 
courtesy of the Department of Agriculture in Ceylon, the fungus culture was 
got for trials in South India during 1937. ' It is found that the fungus is easily 
raised in culture to desired quantities under laboratory conditions. The 
trials on the activity of the fungus in pots as well as in pits have indicated 
that {%) the fungus is able to fatally attack the larvae and pupae, [ii) the 
eggs are practically unaffected and are able to hatch out in the inoculated 
material, {Hi) the adult beetles continue to thrive and lay eggs in the same, 
{iv) the young grubs are also affected but are difficult to be detected 
when attacked and (v) the fuU-growai grubs show signs of discolouration 
at the initial stage of attack and later become covered with the growth of the 
fungus (Plate XXIV, fig. 2). In view, however, of the great powers of flight 
of the beetles and the variety of situations under which they breed in different 
localities, the success of the method is limited to the extent to which they 
breed in dung and the difficulty cited elsewhere in the case of ordinary dung 
trap pits has to be overcome here too. The viability of the fungus under periods 
of drought, the maximum period of the longevity of the spores or resting 
stage, if any, under adverse conditions, and the possibility of the fungus being 
multiplied in dung, are being studied. 
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I. Introduction 

The Indian linseed, Linum iisitatissimum L., has been investigated es- 
pecially from economic points of view by several workers in India [ Howard, 
Howard and Khan 1910, 1920; Graham and Roy, 1924; Howard and Khan, 
1924; Shaw, Khan and Alam, 1931; Deshpande and Mallik, 1937; 
Kadam, Kiilkarni and Patel, 1938]. Cytologicaliy the varieties have not 
so far been studied in this country. The present paper deals with, the somatic 
and meiotic chromosomes of some varieties growm in the Central Provinces 
and Berar. 

The diploid chromosome number in the varieties of Linum usitatissimum 
examined in other countries by Reynders [ 1926 Kikuchi [ 1926 A. 
Nikolajewa [ Emme and Schepeljeva, 1927]'^' was found to be thirty and 
haploid number by Vilmorin and Simonet [ 1927 and Kikuchi to be fifteen. 
But Emme and Schepelj eva record thirty- two as the diploid number in a great 
number of different varieties of this species and thirty in only one variety. 
Martzenitzina [ 1927 also records thirty-two as the diploid number in this 
species. 

* These references have been taken from Tammes [ 1928 ], who has reviewed the 
literature on the genetics of the genus Linum. 

( 561 ) 
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II. Material and technique 

1 . For the inYestigation of the somatic chromosomes the seeds were selected 
from four improved strains and two local samples which exhibited variations 
in colour and size of seeds as shown in Table I. 

Table I 


Linseed varieties med in the studies- of the somatic chromosome 


Serial 

No. 

Variety 

Colour 

Size 

1 

Local-Chanda (Baroda) .... 

Fawn (Plate XXV i 
fig. 2). 

Bold 

2 

Local -Balaghat (Waraseoni) 

Brown . 

Mediimi 

3 

E. B. 3 (Selection) . . . . 

Brown . 

Bold 

4 

No. 117 (Selection) . . • • 

Yellow (Plate XXV, 
fig. 3). 

Bold 

6 

No. 3243 (E B 3x Punjab Linseed) 

Brown (Plato XXV, 
fig. 1). 

Bold 

6 

No. 3255 (E B 3 X Punjab Linseed) 

Brown . 

Bold 


The root-tips which were ready for fixation invariably on the third day 
were fixed in S. Nayashin’s chromo-acetic-formalin fixative [Navasliin. M, 
1934] made in the proportion shown below, and followed by the usual paraffn 
embedding. The sections were cut at 12-15 jx followed by the iodine-gentian- 
violet staining. 

1 per cent chromic acid . . . . , . . . .10 c.c. 

20 per cent formalin 4 c.c. 

(Original formula contains 16 per cent formalin) 

Glacial acetic acid . . . . , . . .1 c.c. 

The fixation and the staining were satisfactory. After a period of nearly 
six to seven months the preparations showed some destaining. 

For the meiotic chromosomes the smears of pollen mother cells V'ere ob"‘ 
tained from plants raised out of the local material. They were fixed in La 
Cour 2 B E followed by the iodine-geiitian-violet staining. 

All figures were drawn at the magnification of X 3,200. 

ill. Observations ON SOMATIC CHROMOSOMES 
1. Local-Chanda (J^aroda) 

Twelve well-spread plates were examined which show^ed thirty chromo- 
somes. Occasionally one or two nucleolar fragments w'ere observed which 
were found lying mther in the midst of the chromosomes or away in the sur- 
rounding cytoplasm. Some pairs of clxromosomes exhibit a sort of terminal 
affinity, ' ' 
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1. No. 3243 (E E 3 x Punjab linseed) with two nucleolar fragments observed at 
different levels ( 2 }i=30 ) ; 2 . Local-Chanda ( Baroda, ) with two nucleolar 

fragments observed at different levels ( 2 n=30 ) ; 3. No. 117 ( Selection ) with 
one nucleolar fragment seen at a different level ( 2 w=30 ) 
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4. Late diakinesis showing darkly stained bivalents, seen scattered at different 
levels ; 5. I metaphase, polar view, showing 15 bivalents ; 6. A stage in- 

between pro-metaphase and metaphase ; 7, I metaphase showing 15 bivafents ; 

8. II metaphase plates in different planes with slanting positions, shown in 
black and empty circles 


(S= Secondary association) 
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The chromosomes on the whole are very short and to some extent they 
show among themselves some morphological variations, such as the size (large 
and short) and shape (rod-like and bent). The various shapes are probably 
due to the different positions of the attachment constrictions (Plate XXV, 
fig. 2). 

2. No. 3243 {E B 3 x Punjab linseed) 

Thirty chromosomes are distinctly observed. The plates invariably 
showed two nucleolar fragments. The circular shape of the fragments and 
their positions at slightly different levels from the mitotic plate help in 
isolating them from the small types of chrom osomes. The plate (Plate XXV, 
fig. p shows distinctly most of the homologous chromosomes lying more or 
less in parallel positions. 

3. No. 117 (Selection) 

2n=30 chromosomes were distinctly observed. Only one nucleolar 
fragment at different focus was seen (Plate XXV, fig. 3), which was always 
found lying very close to one of the chromosomes. 

4. Local-Balaghat (WaraseoniBed) 

It showed 2'M,=30 with occasional one or two nucleolar fragments which 
sometimes are found associated with chromosomes. 

5. E B 3 (Selection) 

It showed 2^^=30 with one nucleolar fragment. The latter was always 
seen at a different level. 

6. No. 3255 (E. B. 3 x Punjab linseed) 

2n—Z0, with one or two nucleolar fragments, are distinctly observed, 
The latter are the circular bodies situated at different levels. 

Morphologically the chromosomes in each set can be distinguished into 
three distinct types. 

1. Long and rod-like chromosomes. 

2. Short and rod-like chromosomes. 

3. Bent chromosomes. 

Further morphological distmction is difficult. 

IV. Observations on mbiotio chromosomes 

Meiotic chromosomes were examined from the permanent smear prepara- 
tions at late diakinesis, I metaphase and II metaphase. 

At late diakinesis fifteen bivalents were seen all scattered at different 
levels (Plate XXV, fig. 4). On account of deep staining it was not possible 
to see distinctly the chiasmata in the bivalents. No nucleolar material is 
detected, The nuclear wall completely disappears at this stage. 

z 2 
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At I metaphase fifteen bivalents are distinctly seen in polar view (Plate 
XXV, figs* 5 and 7). Xucleolar material is not observed. Secondary asso- 
ciations are formed at this stage (Plate XXV, figs. 5 and 7, S) suggesting thereby 
that linseed is a secondarily balanced polyploid. Plate XXV, fig. 6 probably 
represents a stage in between the pro-metaphase and metaphase. 

At II metaphase fifteen univalents are observed (Plate XXV, fig. 8). 

V, Summary 


The somatic and meiotic chromosomes of Indian linseed, Linum usiia- 
tissimum L., grown in the Central Provinces and Berar were examined. The 
diploid chromosome number is found to be thirty in root-tip cells. 

At late diakinesis and I metaphase fifteen bivalents and at II metaphase 
fifteen univalents are observed. 
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GOMPARISOH OF DIFFERENT METHODS OF , 
COMPOSTING WASTE MATERIALS^ 

BY 

C. N. ACHARYA, M.Sc., Ph.D, A J.O. ■ 

Department of BiocMmistry, Indian Institute of Science^ Bmigalore 
(Received for publication on 19tli SeptezDber 1938) 


WoEK has been proceeding at the rndian Institute of Science for some 
time past on a comparison of different methods of composting town and fami 
wastes. Special attention -was paid to the ' hot ’ fermentation meth,od, where- 
in compost material was kept aerobic for a preliminary period of five to six 
days, during which time, there was rapid decomposition and rise of tempera- 
ture to 65-70°C. At the end. of the above’ period, the mass was covered over 
with a layer of mud paste and over it earth and kept closed for about 2| to 3 
months, to allow anaerobic rotting to take place. The manure was then 
ready for applicatioii to land. The hot fermentation method was compared 
with the aerobic methods in ordinary use in this country, e.g., decomposition 
in shallow wide trenches and in heaps overground. 

The following procedures of composting w-ere compared using one ton lots 
of compost material. 

1. Hot fermentation in underground trenches which were brick-lined and 
plastered. 

2. Hot fermentation in underground trenches %vithout brick-lining. 

3. Hot fermentation method in heaps overground on brick-lined plat- 
forms. I ^ i 

4. Hot fermentation method in heaps overground on platforms which 
were not brick-lined, 

5. Aerobic process in shallow wide trenches wFich were not brick-lined, 

6. Aerobic process in heaps overground on platforms wEich were not 
brick-lined. 

The quantities of materials taken and the methods of mixing ■were the 
same for the hot fermentation and aerobic methods. The hot fermented 
composts, however, w^ere packed air-free after five or six days as described 
above, wiiereas the ' aerobic ’ composts were turned over once a fortnight 
and watered if necessary. 

Two different starters w^ere tried, viz., night soil and urine-dung mixture « 
Each trial was carried out in duplicate. 

Contribution to the Discussion on ‘‘Composts” held by the Indian Science 
Congress, at Lahore in January 1939. 

( ) 
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111 the first series using night soil as starter, the relative proportions of the 
constitiients taken were 1000 Ib. of screened leaves and other organic fractions 
of street sweepings, 500 lb. of the screened soil fraction of street sweepings and 
1000 lb. of night-soil (fresh). These were mixed in aliqnot portions at a time 
within the container itself, where the compost was to be kept. The moisture 
level was brought to about 50 per cent by the addition of seventy gallons of 
water, which were added to the night-soil in portions, so as tp facilitate uni- 
form mixing of the street sweepings with night-soil. The mixing operations 
were generally carried out with forks. 

In the second series, where urine-dung mixture was used as the starter? 
an emulsion of dung and urine was prepared by the addition of 200 lb. of dung 
to twenty-five gallons of cattle urine, and out of this emulsion, five gallons 
(by volume) were uniformly mixed with every lot of 100 lb. of leaves and 50 
lb. of soil fraction. Further water to the extent of four to five gallons were 
added. The mixing was done within the container itself in small lots of the 
above order, which were continued till a total weight of 1000 lb. of leaves and 
500 lb. of soil had been taken. 

All the manures were removed after three months, and weighed. Samples 
were taken for analysis and the main bulk was stored in covered cisterns till 
required for pot and plot experiments. 

The refuse materials used for composting had the following average com- 
position : — 

Co'i^osition of ref me materials 

{All figures are on fresh basis including moisture) 

Street-sweepings Night soil 
screened into (fresh) 



Soil 

fraction 
(per cent) 

Leaves 
fraction 
(per cent) 

(per cent) 

1. Total carbon . . . . 

3*07 

30*71 

9*30 

2. Total nitrogen . . . . . 

0-24 

1*23 

1*10 

3, Ash-free organic matter . . . 

6 -20 

54*30 

15*30 

4, Ash . . < . . 

91 *30 

36-10 

4*20 

5. Moisture . . . . . 

2*50 

9*60 

80*50 

The analytical data obtained are presented 

in Tables I and II, 

the former 


referring to the experiments with night soil and the latter tp those wfierp 
p:ine plus dung was used as the starter. 


i>IFB'ERENT METHODS OF COMPOSTING. WASTE MATEBlAtS 


mi 


Table I 


Semi4arge scale experiments ming night soil as starter 


Taken 

1000 !b. leaf material 
,500 lb. soil fraction of town refuse 
1000 Ib. night soil (fresh) 

Yield of manure 

Carbon 

j Kitrogen 

Si'i-free organic 
matter 

Fresh 

Ib. 

Sun-dried 

lb. 

Per cent 
analysis 

Per cent 
recovery 

I Per cent 
1 analysis 

Per cent 
recovery 

Per cent 
analysis 

Per cent 
recovery 

I. Hot fermentation in underground 
Trenches with brick-lining. 

3,215 

1 , 520 

19*81 

72*46 

1-22 

75-01 

34*93 

73*05 

II. Hot fe,nnentation In underground 
trenches without brick-lining 

3,010 

1,438 

18*01 

62-84 

1*13 

66-36 

81-85 

63*01 

HI. Hot fermentation in lieaps over- 
ground on brick-lined platforms. 

2,760 

1,325 

17*84 

56-90 

1-19 

G4-34 

30-39 

55*39 

IV. Hot fermentation in heaps over- 
ground on platforms not brick-Uned. 

2,620 

1,280 

I 

17-05 

1 

52*53 

1*10 

57-58 

i 29-55 1 

1 I 

^ 52*02 

V. Aerobic, in shallow wide trenches 

2,230 

1,185 1 

16-60 j 

47*36 

1*08 i 

52*49 

29*36 

47*87 

VI. Aerobic in heaps overground 

1,980 1 

1,042 1 

14-98 ! 

37*58 

0*99 

J 

42-09 

28*89 

1 41*41 

i 


Table II 

Semi'large scale experiments nsing cattle urine and dung as starters 


Taken 

1,000 lb. leaf material, 500 lb. soil, 

50 gallons of urine-dung mixture 

Yield of manure 

Carbon 

Xitrogen 

Ash-free organic 
matter 


Fresh 

Sun- 

dried 

Per cent 
analysis 

Per cent 
recovery 

Per cent 
analysis 

Per cent 
Recovery 

Per cent 
analysis 

-T : 

, Per centi 
recovery 


lb. 

ib. 







I. Hot fermentation in underground 
trenches with brick-lining. 

3,015 

1,415 

17*81 

77*45 

0*77 

79*52 

31*11 

75-88 

II. Hot fermentation in underground 
trenches without brick-lining. 

2,784 

1,320 

17*04 

69-15 

0-74 

71*63 

28*78 

66 -'62 

III. Hot fermentation in heaps over- 
ground on brick-lined paltforms. 

2,645 

1,275 

16*47 

64-54 

0*69 

64*12 

26*27 

57-76 

IV. Hot fermentation in heaps over- 
ground on platforms not brick- 
nned. 

2,496 

1,190 

15*13 

55-32 

0-63 

54*75 

25-66 

! 52-64 

V. Aerobic, in shallow wide trenches j 

2,112 

1,075 

13*95 ^ 

46-10 

0*60 

47*10 1 

24-82 

46-03 

VI. Aerobic, in heaps overground 

1,826 j 

960 

13-02 

38-41 

0-59 

41 * 00 I 

23-44 

38-80 


The data clearly confirm the >superioiity of the hot fermentation process 
over the. aerobic methods, as shown by the higher conservation of carbon, 
nitrogen and of ash-free organic matter. 


Considering first the experiments with night soil, recoveries of carbon, 
nitrogen and ash-free organic matter as high as 72-76 per cent can be obtained 
by adopting the hot fermentation principle in trenches which are brick-lined 
and plastered. The recovery, however, falls to about 62-66 per cent when 
the trenches are not brick-lined and plastered, due probably to seepage losses. 
In heaps overground on brick-lined platfoims which are closed by a layer of 
earth after the first week {vide treatment III) the recovery obtained is of the 
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order SV-Gd per cent and in the heaps overground on platforms which are not 
brick-lined but which are similarly closed after the first six days, according 
to the hot fermentation principle (n'de treatment IV), the recovery is about 
52-57 per cent. The recoveries are lowest in the aerobic methods, whether 
conducted in shallow trenches or in heaps overground. The conservation is 
rather better in the former case, being about 47-52 per cent, as compared with 
about 40 per cent recovery in the latter case. 

A similar picture is shown by the data relating to experiments where 
urine plus dung was used as the starter. The recoveries of carbon nitrogen 
and of ash-free organic matter are particularly good in the case of the hot 
fermentation methods, being of the order of 65 to 80 per cent, while the aero- 
bic methods show a recovery of only 38-47 per cent. 

The low recoveries in the aerobic processes are, no doubt, due to the more 
vigorous oxidation and decomposition of the constituents due to turning the 
mass over at intervals, accompanied by watering. It is no doubt true that 
for the preparation of satisfactory compost there should be an appreciable 
amount of oxidation and biological decomposition of the organic refuse. Such 
preliminary decomposition serves to remove the more easily oxidisable consti- 
tuents which, otherwise, may later retard nitrification when applied to the 
soil But it is quite possible that the degree of preliminary oxidation may be 
accentuated in some of the aerobic methods now in use and the biological 
decomposition prolonged to such an extent that even the less easily oxidisable 
constituents such as the ceUulose-xylan complexes and ligno-cellulose may be 
attacked. These complexes, on account of their slow rate of decomposition, 
will not interfere with nitrification in the soil, but may, on the other hand, 
help to increase the amount of soil organic matter. Certainly, a stoppage of 
the aerobic type of decomposition, at an earlier stage, means a proportionately 
greater recovery of manure. 

But in addition to stopping the aerobic decomposition at an earlier stage, 
the hot fermentation method requires the maturing of the manure under 
anaerobic conditions for 2| to 3 months, during which period the material 
undergoes further degradation and humification, and its nitrogenous com- 
pounds are rendered more easily available for nitrification. 

In this connection, it may be mentioned that there is a strong school of 
opinion who doubt the wisdom of composting refuse materials with nitroge- 
nous starters and enquire whether a similar benefit may not be obtained b^ an 
application of the refuse material directly on to land, along with the amount 
of nitrogenous starter required to successfully compost it. Experiments on 
these lines have been recently started at Rothamsted [1935, 1936, 1937], 
but the results obtained, so far, are of a preliminary and conflicting nature. 
Eden [1937] has also started in Ceylon a series of experiments to compare the 
effect of the application of prunings and other tea garden wastes directly on 
to the land carrying the crop, instead of previously composting the same 
before application. These experiments also have only recently been begun 

and have not yielded so far any definite results. 
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The above school of thought lay emphasis on a suitable C : N ratio in 
the refuse material added to the land, rather than on the chemical make-up 
of such material. One of the striking features of composting is the alteration 
in chemical make-up of the organic wastes, by way of removal of the readily 
oxidisable constituents, in addition to the shifting of the C ; N ratio into a 
more optimum range for crop production. The results of the above experi- 
ments carried out at Rothamsted and in Ceylon, if continued for a decade or 
more, will no doubt, help in differentiating between the beneficial effects due to 
such alteration in chemical make-up brought about by composting and those 
due to the presence of an optimum C : N ratio. Interesting results may be 
obtained if experiments on similar lines could be conducted in this country, 
since the climatic and soil conditions here vary greatly from those in England, 
and the Ceylon experiments are confined only to tea estate wastes, which have 
a narrow C : N ratio (about 12 : 1). 

The hot fermentation method strikes a via media between the above school 
of thought and the followers of the older school of aerobic composting, in that 
the readily oxidisable constituents are removed, in the hot fermentation sys- 
tem, during the preliminary period of aerobic decomposition and, further, the 
availability of nitrogen is increased by the higher percentage of nitrogen se- 
cured in the final compost. Plot experiments in the field and nitrification 
studies in the laboratory, to be described below, have shown that the hot 
fermented manure is equal in quality and, in many trials, superior to- the 
aerobically prepared manure. 

Nitrification studies in tJie laboratory 

As typical representatives of the three methods of composting, the hot 
fermented compost in trenches, the aerobically prepared manure in shallow 
trenches and the material which was anaerobically packed from the start, 
were taken for nitrification studies in the laboratory. Two grm. portions 
of the fresh manure were added to 100 grm. portions of a garden soil from 
Bangalore, in wide-necked bottles, mixed well and enough water was added to 
bring the moisture content to 50 per cent of the water- holding capacity. The 
bottles were weighed and every alternate day the requisite amount of water 
was added to bring back the moisture content to the initial level. 

At the end of 4, 6, 8, 12 and 16 weeks, duplicate bottles for each treatment 
were removed, the contents were air-dried, weighed, and ahquots were taken 
for the determination of (a) ammoniacal iiitrogen (6) total nitrogen and (c) 
nitrate nitrogen. As tb© figures for total nitrogen and ammoniacal nitrogen 
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did not show any striking variations between the different treatments, only 
the data for nitrate nitrogen are presented in Table III. 

Table III 

Nitrification experiments in the Laboratory 

j Mg. of JSrOa -N present per 100 grms. of 

i soil after inonbation for 


fresh manure to 100 grms. gradeu 
soil) 

: 

. 

4 

weeks 

6 

weeks 

8 

weeks 

,12, 

weeks 

16 , ■ 
weeks 

1. Hot fermentation in underground 
trenches , . . • • 

4*52 

6-05 

5-59 

6*38 

6 -92 

2. Aerobic process in shallow wide 
trenches ..... 

3-72 

3-99 

4-52 

5*05 

5-32 

3. Anaerobic packing from the start . 

i 

3-46 

i 3-72 

4-52 . 

'5*32 

5*85 


The figures show that the hot fermented compost^ nitrifies at a more 
pid rate than the aerobically prepared manure ; this is partly due to the 
hi^h content of nitrogen in the former manure. It is interesting to note that 
the initial rate of nitrification of the material preserved anaerobically from the 
start is lower than that of the other two._ This is probably due to the fact that 
such anaerobically kept material contains a good amount of the easily oxi- 
disable fraction which retards nitrification in the soil. In the hot fermenta- 
method, such easily oxidisable fractions are removed during the preh- 
minary aerobic treatment. 

Plot experiments 

Plot experiments were carried out to determine the manurial value of 
the night soil composts prepared by the different methods. The amounts of 
the dMferent manures corresponding to oven-dry weights of 20 lbs. were added, 
to plots 10 ft. X 10 ft. in random arrangement. The props tried were rag% 
{Elemine eoracana) in the first season and jowar (Sorghum vulgare) for 
residual effect in the succeeding season. The soil used was a sandy loam, 
rather poor in nitrogen and phosphorus. . 

The crop yields obtained are given in Table IV . They again demonstrate 
the superior manurial value of the hot fermented composts over others. This 
superiority is no doubt due to the better conservation of nitrogen secured iri 
the hot fermentation method. ■ 
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Table IV 


Results of plot ex^yeriments with composts — 7 X 7 Latin Square 
(ragi in the first season and jowar in the next season for residual effect) 


Treatment 

(composts prepared from 
night soil and town re- 
fuse) 

Ragi (Eleucine coracna) 

Jowar {Sorghum 
vulgar e) fodder 
(dry wt.) 

Grain 

Straw 

Totals of 

Yield 

Totals of 
7 plots 

Yield 
per acre 

Totals of 
7 plots 

Yield 
per acre 

7 plots 

per acre 


lb. 

lb. 

Ib. 

lb. 

lb. 

Tons 

I. Hot fermentation in under- 
ground trenches brick- 





, 


lined and plastered . 

43-0 

2,676 

93*8 

5,837 

441 

12*26 

II. Hot fermentation in 







underground trenches with- 
out bricklining 

38*8 

2,414 

88*2 

5,489 

392 

10*89 

III. Hot fermentation in 
overground heaps plastered 
over with mud 

36*7 

2,284 

86*1 

5,358 

354 

9*84 

IV. Aerobic method in shal- 
low wide trenches . . 

32*2 

2,004 

80-5 

5,009 

322 

8*96 

V. Aerobic method in heaps 







overground 

30*1 

1,874 

75*6 

4,704 

294 

8*17 

VI. Anamonium sulphate of 







equivalent nitrogen content 

27*3 

1,699 

71*7 

4,462 

210 

5*83 

VII. Control plots — no manure 

18*2 

1,133 

44*1 

2,745 

161 

4*47 

Mean yield of treatments . 

32*3 

2,012 

77*1 1 

4,801 

, 311 

1 

8*64 

Standard deviation 

. J 

1*49 

I 

92*7 

2*33 

145 

16*27 

0*45 


The work described above was carried out as part of a scheme of investi- 
gation on composting methods carried out at this Institute with the financial 
assistance of the Imperial Council of Agricultural Research. The writer 
wishes to acknowledge help received from Mr. C. Parthasarathy in carrying out 
the nitrification studies in the laboratory. 
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Summary 

A comparison of different methods of composting town and farm wastes, 
as judged by plot trials in the field and by nitrification experiments in the 
laboratory, showed the superiority of the ‘ hot ’ fermentation process over 
the usual aerobic methods. The former gave a higher recovery of organic 
matter and of nitrogen than the latter (about 1| times) and the resulting 
manure was equally efficient in crop production and in several cases superior. 
Starting from the same amount of original materials, it is possible, by suitable 
dilution with soil, to obtain by the hot fermentation process about 1|- times as 
much manure as is obtained by the usual aerobic methods and containing 
the same percentages of carbon and of nitrogen. Indications were obtained 
during the course of the work that the rationale of composting waste materials 
needs a re-examination. The satisfactory behaviour of the hot fermented 
composts in the field would go to show that in the aerobic methods, as usually 
adopted, the oxidation is carried to an extreme stage when even the less 
oxidisable fractions are attacked and thus avoidable losses of dry matter and 
of nitrogen occur. The recent experiments at Rothamsted and in Ceylon on 
composts versus uneomposted material are also discussed. 
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REVIEWS 


Scimee' in Afrfea. By E. B. WonTHmcTOisr : Oxford University Press, 
liondon, New York, Toronto ; 10S8. Pp. XVI & 746. Price 6d. 

This book is one of the issues of the African Research Survey conducted 
under the guidance of Lord Hailey with the object of exploring further pos- 
sibilities for the develoj)ment of the continent. The author had tlie privilege 
of Joining Lord Hailey during the latter part of the tour and thus acquainting 
himself with the conditions prevailing there in addition to his previous expe- 
rience gained in East Africa from his work in connection with the Great 
Lakes, 

In this book, Dr. Worthington deals in a thorough manner with the 
present organisation and results achieved in different branches of science and 
gives the reader a comprehensive picture of the position attained and progress 
made in the various subjects. 

It is difficult to find oneself in full agreement with all that is written ; 
page 421 being an example of the repetition of a superstition which was easily 
exploded in India though tenaciously held by the earlier workers. It is also 
difficult to visualise the potentialities of the beef breed aimed at — if the Here- 
ford, Angus and Dexter-Kerry are all regarded — as equally suitable crosses, 
Plate VII is remarkable both for the straightness of the work and the curious 
method of training adopted. A double mould board being to say the least 
a curious implement for training purposes, but taking it by and large a variety 
of subjects are dealt with in considerable detail and the book forms an 
interesting addition to our knowledge of Africa, [W. S.] 


Memational Bibliography of Agricultural Economics. ( Quarterly publication 
of the International Institute of Agriculture, Rome). 

The International Institute of Agriculture in Rome has now begun to 
publish a current bibliography, at quarterly intervals, which deals with ag- 
ricultural economics in all its various phases. The first issue of October 1938 
has just been printed. 
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The International Bibliogtophy of Agricnltural Eoonomice ■>»■ 

nomio and social aspects of agricnltnie. such as agncnltoal 
onltnral policy, settlement, credit, cooperation, msniance mark g, p , 
statistics! farl organisation and management. vaIua,tion labonr. 
rural sociology, agricultnral history and geography, egis a ion an ^ ^ 
and all other agricultural problems, in so fim as they are technical 

economic and social point of view. Only pnbhcations of pnrdy tehm 
character are ekclnded. Titles of all publications, whether 
pamphlets or articles in periodicals, are indicated, includuig all >»bbograptocal 

details required for proper identification. All 

ment and titles in the less known languages are provided with a translataon. 

The bibliography, which is the only one which covers syetematicaUy the 
world literature on agricultural economics, is carefuBy classifirf by subjects. 
A„ „,tI,or-indcn will be supplied at the end of each volume. The annual sub- 
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STUDIES IN INDIAN PULSES 

IX. CONTRIBUTIONS TO THE GENETICS OF MUNG {PHA8E0LUS 
MADIATUS -Lmis., SYl^. PH. AUBEU8 mXB.) 

The inheritance o! colour in the flouer, nnripe pod and in the seed-coat in 
mung and the linkage relations of these characteis to other 
qualitative and quantitative characters 

BY 

R. D. BOSE, 

Superintendent, Botanical Sub-Station, Pusa 
(Received for publication on 29tli June 1938) 

(With Plate XXVI and one text-figure) 

I. Intboduction 

The mode of inheritance of the colour of the flower and of the seed-coat 
has been studied by several investigators in a number of species of Phaseolm, 
viz., in the common garden bean {Ph. vulgaris), in the Adzuki bean {Ph. chry- 
santhos), and the runner beam (Ph. multifioms). The literature on the genetics 
of Phaseolus has been throoughly reviewed by Kooiman [1931] and by Matsuura 
[1929] and hence no attempt has been made in this paper to recapitulate the 
same. Genetical studies in the green gram or mung {Ph. radiatus Linn.) do 
not appear to have been reported up to now. 

The purpose of this paper is to present the results of an investigation, 
conducted in the Botanical Section of the Imperial Agricultural Research 
Institute, Pusa, on the inheritance of colour in the flower, unripe pod and seed- 
coat and the relationship of these characters among themselves and with cer- 
tain quantitative characters, in a cross between a green-seeded and a yeUow^- 
seedcdtypeofmmig. It may be pointed out that the yelkwv-seeded types of 
mung usually fetch a higher price in the market but are mostly indiifferent 
yielders, whereas the green-seeded varieties are usually very prolific. Asa 
result of the present hybridisation work a number of high-yielding, yellow- 
seeded hybrids have been secured. 

II. Material and method 

Green gram or m%mg is one of the most nutritious of pulses, and in common 
with the other members of the Leguminosae, it forms an important crop in the 
rural economy of India. Forty different types of this crop, comprising four 
distinct varieties, have been isolated and described by Bose [1932] and a study 
of the root-system of all these types and of tw'Cnty-five types of the allied 
species, black gram, Phaseolus mungo, var. Boxhurghii has been published by 
Bose and Joglekar [1933]. 
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A cross was made in 1932 between Pnsa Type 18 (dark-green seeded 
rmng belonging to the variety typica) and Pusa Type 36 (a pale lemon-yellow 
seeded type falling under the variety aurem)^ The reciprocal cross was also 
attempted at the same time but no seeds were obtained. 

Though hundreds of flowers were crossed, only one fertile pod was obtain- 
ed. The mung hower is very delicate and sheds readily ; this probably is the 
reason for the poor setting obtained. Of course the hot dry weather prevailing 
at the time when the crop is in full bloom at Pusa, viz., in March and April, 
may be another factor which contributes also to the failure in securing good 
setting. 

The pollen is usually shed before the opening of the flowers and for the 
purposes of hybridisation emasculation should be done as soon as the buds are 
nearly full grown, but before the standards begin to open. The best rule 
appears to be to emasculate the buds one or two days before the anthers are 
mature and then to pollinate the flowers a day or two after this operation. 
Fertilisation is usually complete in a couple of days, when the growing pod 
may be seen emerging out of the floral envelope. 

For purposes of comparison pure seeds of the parental types were always 
grown along with the different filial generations. In this experiment only one 
particular field (Northern Trial Ground No. 11) was used for three consecutive 
years. No manures were applied to the mung itself but this crop invariably 
followed paddy which had received a dressing of niciphos at the time of its 
transplantation. Mung was sown in or about the second week of February 
and was usually harvested by the following May or June. 

Fi Generation 

Only two Fj plants were obtained and were grown in the field in 1933, 
In Table I are presented some of the important characters of the F^ plants as 
well as of the two parents. 

Table I 


Some differentiating characters in Pusa mung Types IS and 36 and in the Fi 
hybrid plants observed in 1933 


Characters 

Type 18 

Fj hybrids 

Type 36 

1. Habit 

Semi-erect 

Semi-erect but with 
a tendency towards 
erectness. 

Semi- erect 

2. Maturity as meas- 
ured by the 
average number 
of days taken to 
flower 

Early (74 days) * 

Very early (56 days) 

Early (65 days) 
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Table I — contd. 


Characters 

Type 18 

Fj hybrids 

Type 36 

3. Stem colour 

4. Leaves 

5. Flower colour 

6. Pod colour — unripe 

7. Pod colour — ^ripe 

Purplish green 

G reen, m edium 
in size 

Light yellowish 
olive 

Dark green with 
deep red veins 
on the sutures. 

Olive grey 

Green with purplish 
splashes 

Green, rnediiun in 
size 

Intermediate light 
yellowish olive 

Green with red veins 
on the sutures 

Olive grey 

Green with purplish 
splashes 

Light green, mediorn 
in size 

Olive yellow 

Green with no red 
veins on the sutures 

Olive grey 

8. Average length 
of pod in cm. 

6-33 ± 0-05 

7-05 ± 0-13 

j 

j 7-30 ± 0-05 

9. Average diameter 
of pods in mm. 

3-42 i 0*04 

3-61 ± 0-03 

3-81 ± 0-03 

10. Seed colour and 
nature of seed- 
surface 

Dark green, <iull 

Dark green, dull 

1 Pale lemon-yello'vv, 

j shining 


No clear-cut differences could be seen in the Fg and Eg plants in regard to 
habit, stem-colour and the size of the leaves. The foliage colour also was 
difficult to distinguish, the development of colour depending to a large extent 
on the environment and especially on the presence of patches of differential 
fertility in the field. These characters were not studied, therefore, in any 
detail. The colour of the ripe pods remained pure for olive grey and showed no 
segregation. The genic analysis was, therefore, confined to the colour of the 
flowers, the colour of the unripe pods and that of the seed-coat, and the nature 
of the seed surface, i.e., whether the seed-coat was shining or dull. Three 
quantitative characters were studied, namely, maturity (as measured by the 
number of days taken by the first flower to make its appearance in each plant), 
the length and the diameter of the pods. The relationship of the colour 
characters to the quantitative characters just mentioned was also determined. 
It wfl-l be observed from Table I that the colour of the flowers, pods and seeds 
in Type 36 parent was lighter in tint than that in Type 18 parent. 

Fg AND Fs GENEBATIONS 

Selfed seeds of the two F^ plants were dibbled by hand, under field con- 
ditions, in rows one-and-a-half feet apart ; the plants were spaced nine inches 
apart in the row. Thus two Fg progenies were raised in 1934 from the seeds 
of each of these F^ plants and these were denominated for convenience as 
series A and series B respectively. Single plant progenies of sixty-four 
selected Fg plants from series B were grown in the F^ generation in 1935. 


57S the INDIAN JOUENAL OF AGEICULTUEAL SCIENCE [IX, iV 

III. Inhbeitance of qualitative CHAEACTERS 

(1 ) Colour of the fioioer and of the unripe pod 

The study of the flower colour in the present investigation has been 
restricted to the colour of the standard. Slight variations were observed also 
in the colour of the wings as well as in the keel, but as the differences were not 
always clear-cut, a detailed study of these characters was not attempted. 

The parental types of mung, i.e., Type 18 and Type 36, have light yeUow 
olive and olive yellow flowers respectively, there being more of olive present 
in the flowers of Type 18 and more of a yellow tinge in Type 36. For naming 
colours, Ridgway’s Colour Standards and Colour Nomenclature ” was used. 
Theflowers in Fj plants and plants heterozygous for flower colour in the 
following generations were characterized by the possession of a lighter tint of 
oHve than that found in Type 18. Considerable care had to be taken to 
diflferentiate between the flowers of this intermediate phenotype and those of 
the Type 18 parent. 

The colour of the unripe pods appears to be controlled by the same genes 
which are responsible for the inheritance of the flower colour and hence the 
behaviour of these two characters in Fg and Fg generations has been 
considered together. As already mentioned, the umipe pods in Type 18 
are dark green in colour and possess deep red veins on both the sutures. In 
Type 36, on the other hand, the pods are green in colour but have no red veins 
on the sutures. The F^ and the heterozygotes possess green pods with 
faint red veins on the sutures. It must be mentioned, that soil fertility 
greatly influences the colour of the pods and -vmiy often in poor patches of soil 
the dark green colour in the pods of Type 18 is lost altogether and only a 
pale yellow colour is developed on them. In such cases it becomes difficult 
to differentiate between the three phenotypes for pod colour. The presence 
or absence of the red veins on the sutures is then the only criterion for diff’er- 
entiation and has, therefore, been a more suitable index than the colour itself 
in recognizing the different phenotypes for pod colour. 

The following phenotypes and frequencies were obtained for flower and 
pod colours : — 


Table II 

Fg segregation for the inheritance of floiver and unripe pod 



No. of plants with flower and 
pod colours like 

Total 



Series 

Type 18 

Interme- 

diate 

Type 36 

No. of 
plants 


p< 

A 

31 

64 

25 

120 

1*133 

0*50 

B 

28 

67 

36 

131 

1*097 

0*50 

Total . 

59 

131 

61 

251 

j 
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. The values’ of and P sliown. in Table II indicate that the observed 
and expected frequencies are in harmony and that there is only a single factor 
difference between the colour of the flowers or of unripe pods. 

Representing the flower colour and the unripe pod colour phenotype, re- 
sembling Type 18 parent, by the genes 00 (Light yellowish olive flowers and 
the dark green pods having deep red veins on the sutures) and the Type 36 
phenotype by the allelomorph 00 (Olive yellow flowers and green pods having 
no red colour on the sutures), the mode of segregation for these two characters 
may be shown as— 

1 00 : 2 Oo : 1 00 

This hypothesis is fully confirmed by the behaviour of the next generation 
as is shown below 

Sixty-four families of this cross were studied in the generation. Of 
these twelve families each bred true for the Type 18 and Type 36 phenotypes 
res_pectively and forty families segregated for both the characters. Table III 
shows the frequencies observed in these segregating families. 

The fit between observed and expected frequencies is very close indeed. 
This is confirmed by Fig. 1 which shows graphically the observed and 
expected disbributions for the forty segregating Fg families. 



1* Observed and expected^X^ distributions of ^ forty families segregating for 
flower and pod colours 
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It will be observed from Fig. 1 that the deviation between the 
observed and expected frequencies is insignificant, the value of P being 0 *44. 

{2} Inheritance of the seed-coat coloitr and the nature of the seed surface 

The seed-coat colour in the mung cros>s under investigation may be con- 
sidered from the economic view-point as the most important character studied 
and its inheritance has been found to depend on the interaction of two genes 
as will be described in the following pages. The dull surface of the seed- 
coat, on the other hand, has been observed to be dominant to shining seed 
surface, the Fg showing a clear-cut monogenic type of segregation for the 
character. 

The inheritance of the seed-coat colour and of the seed surface apparently 
depend on independent genes and no linkage between the two characters 
has been noted. Similarly there is no linkage between either of these two 
characters and flower colour. 

(a) Seed-coat colour. — The seeds of Type 18 and those of the F^ plants,, 
were characterised by a dark green colour and a dull surface, w'hile the 
seeds of the Type 36 parent were of a pale lemon yellow colour and had a 
shining surface. The Fg showed the phenotypes and frequencies tabulated 
below : — 

Table III 


segregation on a 9 : 3 :3 : 1 basis for the inheritance of the seed-coat colour 



No. of plants with seed colour 

Total 



Seiles 

Dark 

green 

1 Green 

Greenish 

yellow 

Pale 

lemon 

yellow 

No. of 
plants 


1 P< 

. . 

66 

20 

24 

10 

120 

1*2440 

0*70 

B . . i 

74 

25 

23 

9 

131 

0*1889 

0*95 

Total . j 

140 

45 

47 

19 

251 




The fit between observed and expected frequencies is extremely close 
and shows definite^ that two genes are responsible for the inheritance of 
seed-coat colour in the cross under study. The factorial basis for this may 
be assumed to be as follows : — 

Let AA be a pair of genes responsible for the production of green colour 
in mung seeds and let BB be a pair of genes which imparts a darker 
colour to the seed-coat. The genes AAbb would, therefore, produce 
green coloured seeds and aabb would give rise to pale yellow seeds 
(or seeds with green colour absent). The presence of the genes 
AABB together would result in the production of dark green seeds 
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PLATE XXVI 


DARK GREEN 
DULL 



LEMON YELLOW 
SHINING 



T U 


DARK GREEN 
DULL 




GR.-YELLOW LEMON YELLOW 



3 



4 


Inheritance of seed colour in mung cross T 18 X T 36 
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and of the genes aaBB would produce greenish yellow seeds. ' The 
genic constitution of the Type 18 parent could therefore be re- 
presented hj AABB and that of the Type 36 parent by Four 

phenotypes w^ere observed in the F2 in the proportion 9 dark green : 
3 green : 3 greenish yellow : 1 pale lemon yellow. This hypothesis 
was fully substantiated by the results obtained in the F3 generation. 

(h) Nature of the seed surface. — In respect of the seed surface, the F« 
generation showed the following segregation : — 

Table IV 


Fg segregation for the nature of the seed surface 



Plants with seed surface 

1 

Total No. I 

P 1 

Series 

Dull 

Shining 

of plants j 


A 

95 

25 

120 0-6660 

0*30 

B 

101 

30 

131 0-3114 

1 0-50 

Total 

196 i 

65 

! i 

251 j 



The fit between observed and expected frequencies is close and suggests 
a single factor difference betw^een dull and shining seeds. 

A single factor pair CC and CC controls the seed surface, and the genic 
constitution of the parental types in respect of seed colour and seed surface 
can be represented as follows : — 

Type 18 parent . . . AABBCC 

Type 36 parent . . . aabhcc 

Considering the seed colour and the seed surface characters together, 
the segregation in F^ shows a good fit on the expectation of a 27 : 9 : 9 : 3 : 9 : 
3:3:1 ratio, indicating that the two characters are segregating independently 
of each other. The actual ratios obtained are presented in Table V given 
below : — 

Table V 

Fq segregation on a trihybrid basis for seed-coat colour and the nature of seed 

surface 


r» plants with seeds 


Series 

Bark green 

Green 

Greenish-yeDow 

Pale lemon yel- 
low 

Total 

No. 

of 


F < 


Btdl 

Shining 

BuU ’ 

Shining 

Bull j Shining 

Bull 

Shining 

plants 



A 

54 

12 

14 

6 

20 4 

7 

8 

1 120 ' 

4-102 

0-70 

B 

60 

14 

21 

4 

15 1 8 

6 

4 ■ 

1 

1 131 

1 

5-853 

0-50 


Total . 114 26 36 10 86 12 12 
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Even with small Eg populations of only 120 and 131 plants respectively 
the fit between observed and expected frequencies on a trihybrid basis is 
€|uite close and confirms the fact that there is no linkage between the characters 
studied. 1?his is further substantiated by the behaviour of the Eg families. 

That the factors for seed-coat colour and flower colour and also for seed 
surface and flower colour segregate independently of each other is further 
seen from the segregation shown in Tables VI and VII respectively. 

Table VI 


Relation in of seed colour to flower colour 


Series 

Flowers like 

No, of plants with seeds | 

Total Ho. of plants 


P < 

Dark green 

Green 

Greenish 

yellow 

Pale lemon 
yellow 

00 

Inter. 

CO 

CO 

H 

00 

H 

Inter. 

CD 

00 

T 18 

Inter. 

50 

CO 

B 

00 

r-i 

E-i 

"S 

Hi 

T 86 

A. . • . . . . 1 

18 

34 

14 

6 

12 

3 

6 

12 


2 

6 

2 

120 

1 

2-1 

0'99 

B 

18 

39 

17 

3 

13 

9 

7 

9 

7 

6 

6 

3 

“l31 

7*^9 

'0*70 

Total . j' 

36” 

73 

31 

8 

25 

12 

13 

21 

13 

2 ■ 

12 

5 

251 


' 


In spite of the small population clear indications of independent segre- 
gation of seed-coat colour on a 9 : 3 : 3 : 1 basis and of flower colour on 
i : 2 : 1 ratio have been obtained. 


Table VII 


Relation in of the nature of seed surface to flower colour 


Series 

Ho. of plants with seed surface 




1 

1 Ml 

Shining 

Total 
Ho. of 
plants 


. R < •* 

/ Flowers like , 

\ T18 

1 Inter. 

T36 

T 18 

Inter. 

i 

T 36 



A .... . 

24 

52 

19 

7 

12 1 

6 

120 

1-498 

0-90 

k.:, . . ... . . 

21 

59 

30 

7 

^ 17 1 

6 

131 

2-213 

, 0-80 ^ 

Total 

45 

102 

49 

14 

29 1 

12 

251 




Here again it is quite evident that there is no linkage between the seed 
surface character and flower colour. As the colour of the unripe pod is com- 
pletely Imked with the colour of the flower in this cross, it is obvious that there 
is no linkage between the colour of the unripe pod and seed colour as well as 
with seed surface. 

This conclusion is supported by the behaviour of the sixty-four families 
which were studied in detail in the Eg generation, the full details of which are 
given in Table VIII. _• 
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Tlie behaviour cf the sixty-four Fg families for the qualitative characters 
studied is clearly brought out in Table VIII. The genotypic results are in 
harmony with the expectations and, prove that the inheritance of the 
seed-coat colour in this cross is dependent on the interaction of two genes, 
while that of seed surface and flower colour are monogenic in nature. Each 
of these characters is also inherited independently. 

It is evident from the values provided in the table that most of the 
individual families' do not show any significant departure from the expected 
distribution. 

In the segregation for seed colour it is found that the ‘ dark green ’ group 
is somewhat, though not significantly, deficient in some families. This is 
possibly due to the fact that the heterozygote is slightly less pigmented than 
the homozygote and in studying the segregation of factor B a few of these 
have been wrongly included in the recessive class. It may be pointed out 
that families with the genotypes AAbbcc and aabbCC were not realised in the 
Fg, but have since been isolated from the heterozygotes of these groups. 

The genetic constitution of the two parental t3rp6S for the qualitative 
characters studied may, therefore, be represented as follows :— 

Type 18 parent . . . . AABBCCOO 

Type 36 parent . . . . aabbcCOO 

IV. Inheritakoe of quantitative chabactebs 

The environment usually brings in many complexities in the way; of the 
elucidation of the mode of inheritance of quantitative characters, but given 
approximately similar sets of soil, cultural and climatic conditions to parental 
as well as to other filial generations, it is usually possible to obtain reliable 
indications regarding the inheritance of such characters. 

In the studies reported herein the parental types were always grown along 
with the Fi, Fg and Fg generations and the differences in the range of distri- 
bution of plants in the parental types for a particular character, in different 
years, furnished a basis for determining the seasonal effect therein.. Thus it 
will be seen from Table XI that the average diameter of pods in 1933 was 
definitely lower in both the parents than those observed in the two subsequent 
years. Hence the diameter of pods observed in the F^ plants raised in 1933 
cannot be compared directly with those observed in the Fg and Fg populations 
grown in 1934 and 1935 respectively. The effect of the season cannot, there- 
fore, be neglected in comparing average values of a particular quantitative 
character in studies- such as these. 
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(1) Inheritame of maturity as measured by the date of the appearance of the first 

. flower 

* • Owing to the incidence of desiccating west winds at the time when the 

rriung crop comes to maturity, it is not possible to appreciate differences in 
the maturity of different plants and hence the date of the appearance of the 
first flower in the plant has been considered to furnish a more reliable index 
of maturity than the actual date of ripening. The frequency distributions 
of the parental, Fg and Fg families are presented in Table IX. 

Table IX 

Frequency distribution of the number of days taken to flotver in mung 


Class centres of No. of days taken to flower 


/ : Family . ' 

Year 

55 

58 

i 

I 

61 

64 

1 

j 67 

j 

70 

73 

76 

79 

82 

85 

! 

1 88 

Total No. 
of plants 

1 Mean 

! 

Type 18 parent . 

1933 




1 

j 

3 

6 

35 

16 

2 

3 



66 

1 

73*64 

Type 18 parent . 

1934 

... 

... 

... 

... 

2 

6 

25 

11 

2 

... 



46 

73*31 

Typo 18 parent . 

1935 



... 

... 

2 

35 

50 

23 

12 

1 



123 

73*28 

Type 36 parent . 

1933 

X 

3 

9 

38 

17 

6 

2 

... 

... 

... 

... 


70 

64*67 

Type 36 parent . 

1934 

... 

1 

15 

19 

14 

1 

... 

... 

... 

... 



50 

63*94 

Type 36 parent * . 

1935 

1 

5 

70 

28 

15 

3 


... 

... 

... 


... 

122 

62*48 

Type 18 X Type 36, Fj . 

1933 

2 


... 

... 



... 

... 

... 

... 



2 

56*00 

Type ISx Type 36, Fa 
(Series A). 

1934 

... 

1 

4 

32 

27 

29 

8 

12 

6 

1 

... 


120 

67*67 

Type 18 x Type 36, Fa 
. (Series B>. 

Type 18 x Type 36, Fa — - 

1934 


1 

6 

40 

32 

28 

11 

11 

2 


... 

... 

131 

67*83 

B 115 ... 

1935 

1 

30 

58 

11 

1 

1 

... 

... 

... 

... 

... 

... 

102 

60*53 

B 116 ... 

1935 


5 

39 

44 

5 

... 

... 

... 

... 


... 

... 

93 

62*58 

B 13 . . 

1935 


3 

32 

23 

7 

... 

... 

... 

... 


... 

... 

65 

62*57 

B 22 ... 

1935 

... 

... 

... 

1 

20 

1 

57 

25 

4 

1 


... 

... 

108 

70*39 

B29 

1935 

... 

... 


1 

37 1 

52 

7 

3 

1 


... 

... 

101 

69*32 

B 122 

1935 


... 


1 

6 

30 

41 

7 

4 


... 

... 

89 

71*99 

B 125 ... 

1935 

... 



... 

1 

20 

43 

20 

15 

1 

... 

1 

101 

74*07 

B 126 ... 

1935 

... 

1 

17 

39 

37 i 

10 

5 

4 

2 

1 

1 

... 

117 

66*36 

B 34 ... 

1935 


1 

3 

2 

35 ! 

42 

15 

2 

1 

2 

... 

... 

103 

69*36 

B56 

1935 

3 

8 

9 

21 

45 1 

20 

10 

6 

5 

4 

1 

... 

132 

67*66 

B 63 

1935 

... 

1 

9 

, 17 

34 

32 

15 

2 

1 

3 

2 1 

... 

116 

63*58 

B 83 . . , 

1935 



1 

19 

28 

30 

10 

5 

8 

1 

1 


98 

1 

69*05 
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It is found that the range of distribution in Type 18 extends from sixty 
four to eighty-two days approximately with a mean of 73- 6 days an m yp 
36 from fifty-five to seventy-three days with a mean of about 64 6 days 
The seasonal variation does not appear to influence this character very much. 
The F. plants flowered in fifty-six days showing a definite ^ 

earliness. This supports Fishers theory that a character for 
been selection for a long time always shows dominance. The range of the 1 , 
exceeds the combined range of the two parents and defimtely sugges s ran 
gressive segregation. The distribution of only a dozen homozygous and 
heterozygous Fg families has been shown in the table but this character wa. 

and definitely indicated that mul ^ factors 

were concerned in the inheritance of maturity in the cross under study. 

(2) Inheritance of the length of ripe pods 
Although the average length of pods in the two parents differs but slightly 
and the F, plants showed a tendency to have pods of a similar size to those 
of Type 36, the range of the F, progenies showed a clear 

towards the smaller pod length. This fact is shown in Table X. The^ data 
from the Fg families also confirmed the conclusion that mul ip 
responsible for the inheritance of this character. 

(8) Inheritance of the diameter of pods 
The frequency distributions of the parental and Fg and Fg families are 
presented in Table XI. Multiple factors appear to be ^ ! 

iaheritance of this character also but the transgression is rather one-sided and 
the frequency of plants with greater diameters than the parental forms ^ 
distinctiy greater. It is possible that heterosis is responsible for the nature of 
the transgression shown. 


Frequency distributions of the kngth of ripe pods in mung 
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The frequency distributions of ail F 3 families studied for this character 
have been shown in this table and have been arranged according to the size 
of the diameter of the pods of the Fg parents. It will be found that Fg plants 
having the same diameter have produced F 3 families which are homozygous 
as well as heterozygous for the diameter of their pods. 

V. InTER-EELATIONSHIP of the CHAEACTEES STUDIED 

The colour of the unripe pod has been found to be completely linked 
with flower colour, and a positive correlation (r=0-50±0-03) has been found 
to exist between the length anrl diameter of ripe pods in this cross, but there 
is no evidence of any association existing between ; — 

(1) Maturity and length uf pods, 

( 2 ) Maturity and diameter of pods, 

(3) Maturity and flower colour, 

(4) Matmity and seed colour, 

(5) Maturity and seed surface, 

(6) Length of pod and flower colour, 

(7) Length of pod and seed colour, 

( 8 ) Length of pod and seed surface, 

(9) Diameter of pod and flower colour, 

( 10 ) Diameter of pod and seed colour, and 

(11) Diameter of pod and seed sirnface. 

All example to show the absence of any relationship between a qualita- 
tive and a quantitative character is furnished in Table XII given below • 

Table XII 


Relation between maturity and flower colour in 



No. of days 

taken by the first flower to 




Flower colour 
like. 




appear 




Total 

No. 

Mean 

S. Dev. 










of 


58 

61 

64 

67 

70 

73 

76 

79 

82 

plants 



Type 18 . 

• • 

3 

15 

12 

17 

3 

8 

1 


69 

68-63 

4-43 

Intermediate . 

2 

6 

37 

32 

26 

10 

, 

12 

5 

1 

! 

131 i 

±0-58 

68-19 

±0*41 

4*81 

Type 36 . 


1 

20 

15 

14 

6 

3 

1 2 


61 

±0-42 

68-03 

±0*30 

4*10 










! 

1 

±0-62 

±0*37 

Total . 

2 

t 

10 

72 

59 

1 

57 

19 

23 

i 

1 ' 

! 1 

251 1 

i 

68-23 
, ±0-29 

4*57 

±0*20 


594 


The INDIAN JOURNAL OF AGRICULTURAL SCIENCE j^lX IV 

Ihere are no significant differences between the means and standard 
deviations of the different phenotypes for flower colour, indicating that 
tnere is no linkage between the two characters. 


VI. Summary and conclusions 

studies in some species of such as PA. TOtem PA. 

ciirysanthos, Ph. multifiorus, etc., have been made by workers abroad but similar 
studies in mung or Phaseolus radiatus Linn (syn. P. aureus Roxb.) do not 
appear_ to have been reported up to now. The mode of inheritance of the 
colour in the flower, unripe pod, and seed-coat and in the nature of the seed- 
surtace, as well as of quantitative characters such as maturity, length and 
diameter of pods, and the relation of these characters to each other have been 
studied at Rusa and described in this paper. 

A cross was made between Pusa Type 18 and Type 36 ; the former has 
c ark green, dull seeds, and light yellowish olive flowers while the latter has pale 
lemon-yeUow coloured seeds with a sliining surface and olive yellow flowers 
Monogemc inheritance has been observed in this cross for flower colour and 
surface, olive yellow flowers and shining seed surface 
( oth like those present in Type 36 parent) being recessive. Two genes appear 
to be responsible for the inheritance of the seed-coat colour. 

Transgressive segregation has been noted in respect of the maturity as 
well as in the lengtn and diameter of the pods. The colour of the unripe 
pods pears to be copolled by the same genes which are responsible for 
pe inheritance of the ^wer colour but there is noHnkage between seed-coat 
olour and the nature of the seed surface nor between any of these two charac- 

?uiffativeTr T' relationship between any of these 

qualitative characters with the quantitative characters studied. 

A correlation of r=G-60±0.03 has been observed between the length 
and maturity but no association exists between these two characters 

(“ow of the Statistical 

Sepn, Lew Dpi) for making the cross under his direction and to Dr. B. P 

fbf u Botanist, New Delhi, for helpful criticism in 

tne preparation of the mantiscript. 
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Inteoductoey 

Cotton root-rot is the most destructive disease of this crop in the Punjab ; 
in the irrigated tracts of the Province it is becoming a limiting factor in cotton 
growing. The causal organisms Rhizoctonia bataticola^ BfnA Rliizodmia solcmi 
attack the underground parts of the plants. 

In a previous publication of this series [Vasudeva, 1935], the extent of 
occurrence, incidence and economic importance of the cotton root-rot disease 
in the Punjab were described. Since then, further studies of the disease have 
shown that the activity of the causal fungi is greatly influenced by enviros- 
mental factors [ Vasudeva, 1937 ]. The work reported in this paper relateii 
to the investigation of any possible connection of temperature, humidity and 
physical and chemical composition of the soil with the disease. 

'^Bhi^octonia bataticola = C Strains of Haigh ^Macrophomina phaseolu ” 

( ^95 ) 


596 


THE INDIAN JOUBNAL OF AGRICULTURAL SCIENCE [IX, IV 



II. Experimental 

The experiments reported in the present paper were conducted in plots 
which had been under observation for a number of years. The extent of in- 
fection of these plots is definitely know n, so that the conditions highly suitable 
for obtaining reliable and comparable data were available. 

A. Effect of soil temperature on the incidence of the disease 
To determine the effect of soil temperature on the root-rot disease, in- 
oculation experiments w^ere carried out in soil temperature tanks of Wisconsin 
type [Jones etal., 1926]. The desired temperature was obtained and main- 
tained with reasonable accuracy during the experimental period by regula- 
tion of temperature of water in the tanks by means of electric thermostats. 
Fairly deep metallic containers were used so that the level of the soil may be 
kept slightly below that of water in the tank. The containers used were 
cylindrical and of 9|- inches depth so that it wms possible to carry cotton plants 
for a fairly long period. The tanks were run at 25°, 30°, 35° and 40°C. 
Cotton plants [Gossypium hirsutum) of variety 43F, of known age and growing 
in these containers, were inoculated by root w^ashing method [Vasudeva, 
1935] with the causal fungi Rhizoctonia solani and Rhizoctonia bataticola 
and placed in the tanks at the temperatures stated above. The controls were 
similarly treated except that no inoculum was added. The results of three 
such experiments are given in Table I. The age of the plants in experiments 
I, II and III was 16, 24 and 30 days, respectively. 

Table I 

Effect of soil temperature on infection 


Experiment I Experiment II Experiment III 


Tem- 

pera- 

ture 

(°0.) 

Fungus * 

Total 

plants 

Plants 

kiHed 

Per 

cent 

morta- 

lity 

Total 

plants 

Plants 

killed 

Per 

cent 

morta- 

lity 

Total 

plants 

Plants 

killed 

Per 

cent 

morta- 

lity 

25 

i?. . 

11 

4 

36.4 

6 

2 

33.3 

7 

3 

42.9 


B.h. . 

12 

10 

83.3 

9 

8 

88.9 

6 

3 

60.0 


Control 

12 

0 

0 

10 

0 

0 

6 

0 

0 

30 

B, s. • 

11 

5 

45.5 

10 

4 

40.0 

9 

8 

88.9 


B.b. . 

8 

5 

62.5 

9 

8 

88.9 

0 I 

6 

66.7 < 


Control 

11 

0 

0 

14 

0 

0 

14 

1 '0 

0 ! 

35 

B, s. . 

16 

14 

87.5 

8 

5 

62.5 

7 

7 

100.0 : 


B. h. . 

12 

i 10 

83.3 

13 

12 

92.3 

6 

6 

100.0 \ 


Control 

14 

0 

0 

7 

0 

0 

2 

0 

0 ' 

39 

i?. s, . 

10 

5 

50.0 

9 

2 

22.2 

10 

1 

10.0 i 


B.h, . 

14 

13 

92.9 

12 

12 

100.0 

5 

5 

100.0 * 


Control 

1 

12 

0 

0 

9 

0 

0 

7 

0 

0 ' 


* R. s. =RMgocfQni(i solani, R. b. =RMzoctonia bataticola. 


1 
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The results given in Table I show that cotton plants suffer highest morta- 
lity from root-rot due to E. solani and E. bataticolu at temperatures of 35° 
and 39°C. respectively. Although E. bataiicola is actively parasitic over a 
range of temperatures varying from 25° to 39°C., there is a fall noticeable 
in the parasitic activity of E. solani above and below 35°C'. 

In a similar experiment the effect of variation of temperature after 
inoculation was studied. The inoculated plants were placed in hot water tanks 
at soil temperatures of 20° and 35°C. The inoculated container.s w'cre alhjwed 
to stand in these tanks for tw'enty-four hours after which tw'o pots inoculated 
with each of the fungi, i.e., E. solani and E. bataticola, were transferred from 35° 
to 20°C. and from 20° to 35°C. An uninoculated control w'as also transferred 
simultaneously. Also inoculated and uninoculated plants were kept as checks 
constantly at 35°C. and 20°C. in order to compare the effect of variation of 
temperature on infection. The results of one of the typical experiments are 
summarised in Table II. 

Table II 


Effect of variation of temperature 24 hours after inoculation- on the incidence 

of the disease 


Temperature (°C.) 

Pot 

No. 

Fungus 

Plants 

inocu- 

lated 

Total 

plants 

killed 

' Per cent 
i morta- 
lity 

Before 

trans- 

fer 

After 

trans- 

fer 

Trans- 

ferr- 

ed 

Not 

trans- 

ferred 

20 

20 

— 

3 

E. bataticola 

12 

9 

75*0 

20 

35 

4& 6 

— 

E, bataticola 

23 

19 

82*6 

20 

35 

6& 7 

— 

E, solani 

25 

25 

100*0 

20 

20 

— 

8 

E* solani . 

9 

1 

11*1 

20 

35 

2 


Control 

10 

0 

0 0 

20 

20 

I 

1 

Control 

14 

0 

0*0 

M 

20 

11& 12 


E* bataticola 

18 

15 

83*3 

35 

35 

— 

13 

E» bataticola 

10 

■ 9 

90*0 

U 

: 20 

14&10 

— 

E, solani 

21 

4 

19*0 

35 

35 

— 

15 

E» solani 

13 

13 

100‘0 

35 

20 

10 

— 

Control , . ' 

‘ 13 

0 

0 ‘§ 

35 

36 

— 

9 

1 Control * 

j 13 

0 

0*0 
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The results show that in the case of R> solani if the temperature is lowered 
twenty-four hours after inoculation the incidence of the disease is definitely 
reduced but in the case of R. bataticola such a fall in temperature does not 
materially affect the incidence of the disease. 

However when temperature is raised after inoculation from 20° to 35°C. 
the mortality in the case of both the fungi is almost as high as in controls 
maintained at 35°0. throughout. 

B, Effect of humidity and temperature on the incidence of the disease 

A heavily infected plot was selected in the Botanical area and divided into 
six sub-plots. Desi cotton {Gossypium indicum) variety Mollisoni 39 was 
sown in these plots at the optimum time for attack of root-rot. 
Three plots were covered by means of thatches, and high humidity and low 
temperature maintained in these plots by addition of water on the thatches 
at regular intervals throughout the day. The remaining three plots were 
not covered and served as control. Temperature and humidity records were 
taken twice a day at 8 a.m. and 5 t.m. both inside the covered and check 
plots. The mortality counts were taken at weekly intervals. The . results 
of the experiment are given in Table III. 

Table III 


Effect of humidit y and temperature on the incidence of root-rot disease 


Week ending 

Per 

cent 

mor- 

tality 

root- 

rot 

Covered plots 

Uncovered plots 

Av. 

humi- 

dity 

Av. air 
tempera- | 
ture (°F.) 1 

Av.* 

1 soil 
tem- 
_j)era- 

Per 

cent 

mor- 

tality 

root- 

rot 

Av. 

humi- 

dity 

Av. air 
tempera- 
ture (°F.) 

Av.* 

soil 

tem- 

pera- 

ture 

(“F.) 

8 A.M. 

5 p.m. 

ture 

(°F.) 

8 A.M. 

5 p.m. 

7th June 1938 

0 

65*6 

88*5 

93*9 


0 

54*7 

89*8 

102*7 

! 93-9 

14th June 1938 

0 

79*5 

81*7 

88-7 

— 

0 

69-9 

84*3 

83*3 

86*7 

21st June 1938 

0 

76*7 

82*7 

91*5 

— 

2*8 

71*4 

84*3 

93*3 

88,.* 0 

28th June 1938 

0 

75*2 

83-1 

92*6 

84*8 

2*5 

67*1 

86*6 

94*3 

92*6 

5th July 1938 

0 

65*1 

80*6 

97-7 

84*4 

1*5 

46*7 

88*4 

99*6 

94*9 

12th July 1938 

0 

65*2 

85-6 

98*0 

86*2 

5*3 

52*3 

91*0 

102*9 

96*0 

19 th July 1938 

0 

66*7 

85-6 

i 95-4 

86. *0 

13*0 

55-8 

89-1 

100*4 

99*5 

26th July 1938 

0 

81*5 

80*6 

' 88*0 

85*9 

8*3 

75*9 

85*7 

91*9 

96*6 

2nd Aug. 1938 

0 

72*4 

95*4 

94*6 

87*0 

3*2 

60*9 

88*7 

99*8 

98*8 

9 th Aug. 1938 

0 

71-2 

83*7 

92*8 

86*7 

1*4 

57*6 

90*3 

99*3 

97*4 

16th Aug. 1938 

0 

77*4 

84*6 

89*4 

86*0 

0*9 

67*5 

87*7 

94*6 

98 *8 

23rd Aug. 1938 

0 

77-1 

83*4 

90*8 

85*6 

0*9 

63*6 

86*6 

97*1 

95*5 

30th Aiig. 1938 ^ 

0 

87*8 

82*8 

87*7 

84*3 

0*0 

77*6 

84*6 

92*1 

93*8 


*30 cm. depth, 


Per cent roob-rofc mortality 
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In the thatched plots no deaths occurred due to root-i-ot whereas in the 
uncovered control plots a large number of plants were killed as a result of root- 
rot attack from the third week of June to the third weolc of August. Higli 
humidity and low temperature in the covered plots appear to be Huj'avourable 
for the progress of the disease. It may, however, be mentioned that in the 
covered plots growth of plants was very poor. 

C. Effectof mixed O'opping on the incidence of the disease 

Effect of mixed cropping %vas te.sted in a piece of land heavily infected with 
the disease. Desi cotton variety Mollisoni 39 was sown in rows three feet apart 
on 20th May, 1938, i.e., the optimum time for the attack of the disease. Sor- 
ghum w'as sown on the same day in between the cotton rows. Root-rot mor- 
tality counts along with soil moisture deteiminations w^ere made at w'eekly 
intervals both in the mixed crop and control in which sorghum had not been 
sown in between the cotton lines. The soil moisture estimations w^ere made 
in one foot layers upto a depth of three feet. For estimation of moisture 
individual samples from different parts of the same plot w^ere taken in order 
to get a fairly respresentative idea of the moisture content of the whole plot. 
Also air temperature and humidity was noted every day at 8 a.m. and 5 p.m. 
both inside the mixed crop and cotton. 



Fig. 1. Fig. 2. 

EfiEect of mixed cropping on root-rot mortality 



The results of the experiment are set out in Table IV. The soil moisture 
figures show average percentage of soil moisture in three feet column of soil. 
Fig. 1 shows the effect of mixed cropping on the incidence of the disease. 

The following are the chief points of interest ; — 

1. Mortality due to root-rot in the mixed crop is significantly lower than 
in the controls ; t being 2-98 [ Fisher, 1925 ]. 

2. There is no regular difference in soil moisture content of the inter- 
cropped and control plots. 

3. Humidity is higher in the mixed crop. 

4. There is no appreciable difference in air temperature up to 28th June 
1938 but during later part of the season air temperature is considerably lower 
in the mixed crop. 

Table IV 

Effect of mixed cropping on the incidence of root-rot disease 


Mixed crop (Cotton + sorghum.) 


Cotton (Control) 


Week ending 


14tli June 1038 . 
21st June 1938 . 

2Sth June 1938 . 
6th July 1938 . 

12th July 1938 . 
19th July 1938 . 

26th July 1938 . 

2nd August 1938 
9th August 1938 . 
16th August 1938 
23rd August 1938. 


Average Average Average 
per cent per cent per 
mor- soil cent 

tality mois- liumi- 

root- ture dity 


Average Air 
temperature (°F.) 


Average Air 
temperature (®F) 


8 A.M. 

5 P.M. 

per cent 
mor- 
tality 
root- 
rot 

per cent 
soil 
mois- 
ture 

per 

cent 

humi- 

dity 

8 A.M. 

6 P.M. 

85*4 

94-1 

1 

r - 

66-8 

86-4 

94-1 



y 6-8 

i 




86-0 

90-5 

J 

L 10-8 

66-8 

85*1 

96-0 

87-4 

96-3 

3*4 

9-7 

56-7 

87-8 

97-8 

83-7 

93-4 

8*2 

ll-O 

47*1 

88-8 

101*1 

89*8 

99*7 

11*5 

10-8 

45-2 

93-6 

105*7 

87-8 ! 

96*7 

8-9 

8-8 

49-2 

90*4 

104*7 

85-1 

90*1 

19-1 

12-0 

76-9 

86-4 

91*4 

87-9 

98-0 

9-0 

9-9 

63-9 

90-4 

104*0 

87-7 

97-1 

7*4 

12*9 

47*1 

91-1 1 

105*1 

86-3 

92-9 

5-0 

8*8 

65-2 

88-0 1 

94'3 

84-3 

94-6 

1-0 

— 

60*4 

86-9 j 

99*9 


Sorghum plants up to 28th June 1938 were very small in size and did 
not serve as a cover to cotton plants, but as the season advanced there 
was a marked decline in the number of plants killed due to root-rot in the 
plots in which cotton was sown in mixture with sorghum. The sorghum plants 
had then grown tall enough to offer shelter to the cotton plants and were ins- 
trumental in lowering air temperature and raising humidity within the crop. 
It is, however, still a matter for further investigation whether sorghum can also 
serve as a barrier to the spread of the disease [Jordan et al., 1934]. 
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III another similar experiment eorghnm was sown fourteen days before 
cotton so that sorghum plants couM offer protection to cotton plants from tfie 
very hegirniing. Three repeats of both mixed and check plots irere kept. 
Side rows of each plot were left as non-experimeiital rows. Tiie data of this 
experiment are given in Table V. Fig. 2 shows tlie relation of mixed cropping 
to mortality due to root-rot. 

Table V 


Incidence of the disease in relation to mixed crofjnng 


Week ending 

Average per cent root-rot 
mortality 

Mixed crop 

(Cotton -f Cotton (Check) 
Sorghum) 

2nd July 1938 

0-0 

0*3 

Uth July 1938* 

2*3 

15*2 

21st July 1938 

9*2 

3*0 

28th July 1938 

0*0 

5*0 

4tli August 1938 . . 

o-r 

8*2 

12th August 1938 . 

0*0 

8*3 

19th August 1938 . . 

0*0 

4*8 

26th August 1938 . 

O'O 

6*2 . ^ 

2nd September 1938 

0.9 

3*2 

9th September 1938 

0*0 

0*9 

3-31 


^12 days mortality 

The results show that root-rot mortality in the mixed crop is lower from 
the very beginning of the season and that the results are statistically significant. 

D, Effect of soil composition 

Root-rot disease of cotton invariably appears in patches. A few green 
healthy looking plants may be seen scattered all over the infected area, al- 
though they are usually plants which have been partially attacked by the 
disease, but have escaped death by putting out lateral roots in the uppermost 
layers of soil during wet weather or irrigation. 
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As healthy and diseased patches appear close to each other, examination 
of the soil was undertaken. It was considered possible that the information 
seemed might help in finding why the disease causes great damage in one part 
of the field and does not do so in the adjoining portion. 

Soil samples from healthy and disease bearing portions lying side by side 
in a plot were taken in one foot layers up to a depth of five feet. Samples 
were taken at LyaUpur, Khanewal and Sargodha. From each of the plots 
three individual samples were taken up to a depth of five feet and analysed 
separately, except in the case of Sargodha samples, where representa- 
tive samples were obtained by thoroughly mixing up the corresponding samples 
from three different bores made in each healthy and diseased part. The 
analyses were carried out by the International method [1936]. 

(i) Mechanical analysis — ^Altogether one hundred and thirty samples from 
Sargodha, Lyallpur and Khanewal were analysed. The results of this analysis 
in Table VI do not show any regular differences in the textme of healthy and 
diseased soils. 

{ii) Estimation of nitrogen and organic matter, — ^Nitrogen was estimated by 
the A. 0. A. C. method and organic matter by Robinson and Mclean’s oxida- 
tion method [1929]. 0 : N ratios were calculated from these. Results of 
these estimations which are given in Table VII do not show regular differences 
in the nitrogen and organic matter content and C : N ratio of healthy and 
diseased soil samples. 


{Hi) Analysis of water extract, — ^In this connection forty-eight samples 
were analysed and estimations were made for the total solids, carbonates, 
bicarbonates, sulphates, chlorides and calcium. No appreciable differences in 
any of the constituents estimated were however observed in healthy and 
diseased soil samples. The results of typical analyses are set out in Table 
VIII. 


Mechanioal analysis of healthy and diseased soil sa7n;ples 
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(iv) Chemical analysis , — ^This included the determination of iron, alumi- 
nium, phosphorus, sodium, potassium, calcium and magnesium. Altogether 
twenty-four samples of diseased and healthy soil were analysed. The analysis 
did not show any appreciable difference in iron, aluminium, phosphorus, sodium 
and potassium contents of the healthy and diseased soil samples. Diseased soils, 
however, contain a higher amount of acid soluble calcium {t~Z and 5) and have 
a higher Ca : Mg ratio (^=3-5 and 3 *2) than the healthy soils. The results 
of Ca : Mg estimations are given in Table IX, 

Table IX 


Calcium and magnesium contents of healthy and diseased soils (mg, per 100 grms. 


Sample 

Healthy 

Diseased 

Ca 

Mg 

Ca/Mg 

Ca 

Mg 

Ca/Mg 


f 1st foot 

1050 

579 

1*81 

1322 

579 

2*28 


1 2nd foot . 

1287 

1001 

1*28 

1858 

1098 

1-69 

I ^ 

Srd foot . 

1651 

1647 

1*0 

3502 

1357 

2-58 


4tli foot 

1851 

1454 

1*27 

4703 

1387 

3-39 


5tii foot . 

1958 

1514 

1-29 

4253 

1261 

3*37 


^ 1st foot 

929 

645 

1-44 

1858 

585 

3*17 


2nd foot . 

1029 

989 

1*04 

2213 

1 1158 

1*91 

n-l 

' Srd foot . 

1701 

1007 

1-69 

3102 

1339 

2*32 

1 

4th foot 

2251 

1128 

1*99 

5003 

1447 

3*46 

1 

5th foot . 

2251 

1128 

1*99 

3902 

1062 

3*67 


Although the roots of diseased plants contain comparatively higher 
amount of calcium, the percentage of calcium in diseased plants as a whole is 
lower than in the healthy plants [Vasudeva et al, 1939]. The diseased plant 
soils, however, contain higher amount of calcium showing thereby that in the 
diseased plants calcium is not being transported to the upper parts. The pic- 
ture would have been more complete had it been possible to work out a balance 
of calcium in the plant, the roots and the soil on which the plant has grown, 
but this is not possible with plants growing in the field since the soil concerned 
with the development of any individual plant cannot be considered as an iso- 
lated block. Further work in this direction is, however, necessary, 
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E. Effect of soil reaction 

f?B[ values of soil samples obtained both, from liealtliy and aJiected fields 
were detemiiiied electroinetrieally and were found to varyirom 5-4 to 8*6, 
the ra.nge over which the causal fungi, M, solani and li. bataMcola, show good 
.growth. No appreciable differences iii_^>H values of healthy a.i:id diseased soil 
samples have however bee,n observed. All the same an attempt was made to 
test the effect of changing soO reaction in an infected plot on the incidence 
of the disease. The reaction wsls changed by the addition of sulp.Imr and 
lime to the soil and the different treatments were randomised. Six replications 
of each treatment ivere made. Lime and sulphur were first applied in 1936 
but an additional dose had to be given in 1937 to set up a range of soil reactions 
varying from pH 5 to 8*5. 

The data of this experiment showing the variations in soil reaction as a 
result of the addition of lime and sulphur and the average per cent mortality 
of cotton plants due to root-rot for three successive years are recorded in 
Table X. During 1937 germination of cotton seed was very poor in plots 
treated with sulphur which probably exerted a toxic eftect on the seed. 

Table X 


Incidence of the disease in relation to soil reaction 



1930 

1937 

1938 

No. 

Treatment 

Bose 

l)er 

acre 

(lbs.) 

pR 

Average 
per cent 
root- 
rot 

morta- 

lity 

. 

Addi- 

tional 

dose 

(lbs.) 

pJl 

Average 
per cent 
root- 
rot 

morta- 

lity 

Addi- 

tional 

dose 

(ibs.) 

^ pR 

Average 
per cent 
root- 
rot 

morta- 

tality 

1 

Sulphur 

1000 

8-3 

. 7.7 

3000 

7-4 

31*4 

. — 


— 

56-7 

2 

Sulphur 

3000 

8-0 

40'5 

3000 

5-9 

24*9 




55-7 

3 

Sulphur 

4000 

7-0 

52-6 1 

4000 1 

5-1 

. 30 * i > j 

— 



! 47-0 

4 

Lime 

1000 

8-7 

43*4 

3000 

8*3 

35 *0 



— 

64*9 

5 

Lime 

2000 

8-8 

24*3 

4000 

8*2 

31*2 

__ 



61*4 

6 

Untreated Control . 

i 

8-6 I 

38*1 

— 

8*2 1 

30*0 

““ 1 


— 

6»*1 


The results given above indicate that the hydrogen ion concentration of the 
soil has no effect on the incidence of the disease. 
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The junior author made some of the field observations under the guidance 
of the senior author. 

IV. Summary 

1. The bearing of temperature and humidity on the incidence of root - 
rot disease of cotton has been shown. 

2. [Preliminary observations indicate that virulent attack of the disease 
may be evaded by sowing cotton in mixture with sorghum. 

3. There is no difference in the texture and chemical composition of 
healthy and diseased soils except that the diseased soils contain a higher 
amount of acid soluble calcium and have a higher Ca : Mg ratio. 

4. There is no correlation between the hydrogen ion concentration of the 
soil and the incidence of the disease. 
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I. Intboduction 

The amarantus borer, as its name implies, bores into stems and branclie*^ 
of various species of cultivated and wild amarantus. Lefroy [ 1909 ] recog" 
nized, about thirty years ago, that Lixus truncatulus breeds freely in plants 
of amarantus, and Fletcher* [1914] considered it as a minor pest capable of 
doing considerable damage to cultivated amarantus ; yet very little was known 
of its life-history and control, while the method of oviposition and the nature 
and form of egg were altogether unknown. 

Plants of the natural order Amarantaceae do not constitute staple crops 
but several species are cultivated as vegetable, ornamental or medicinal 
plants in many parts of India. Chief of these are : — 

1. Amarantus gangeticus Linn. — Cultivated throughout India under the 
name of lal sag. Several varieties form an important vegetable of the country. 

2, Amarantus caudatus Linn. — Cultivated in the south-western parts of 
India, also at Pusa. Leaves used as vegetable and the seed, called ram dana, 
employed for medicinal purposes. 

Besides these useful species, there are several others such as Amarantus 
viridis Liim. and Amarantus spinosus Linn, which grow wild tliroughout 
India. 

In October 1935, Amarantus caudatus growing in the kitchen garden at 
the Imperial Agricultural Research Institute, Pusa, was found severely at- 
tacked by the borer. This gave the writer an opportunity of studying the 
bionomics and potentialities of this pest. A number of parasites not so far 
known from this host have been bred from the immature stages of the borer. 
Some of these seem to be of considerable importance. The habits, status, 
life-history and morphology of the important ones have been worked out. 
A preliminary account of this w^ork w^as communicated to the 24th Session 
of the Indian Science Congress and a brief account also appeared in the Annual 
Report of the Imperial Entomologist [Pruthi, 1936]. 

II. Biology and morphology oe Lix s truncatvws 
Distribution 

The borer is widely distributed, occurring aln* st throughout the plains 
of India, from the Punjab in the west to Burma in the east and Bihar in the 
north to Madras in the south. Details of its distribution and food plantg 
of the specimens contained in the Pusa, Coimbatore, Dehra Dun and Calcutta 
collections are given in Table I. It is clear that the insect occurs all the year 
round and is more abundant in South India than elsewhere. 


*I'letcher records this species under the name L» brachyrhinus Bohem., which is 
now considered to be a synonym of L* truncatulus (Fabr.) 
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Table I 


Distribution and food plants o/ Lixus iLiiiicatuliis 


Month 

Locality and province 

No. of 
individuals 

Foot! plants and remarks 

.Januarv . 

Dehra Dun (IT. P.) . 

Several 

Amarantus spmoms^ 


Nagx>ur (C. P.) 

1 

.... 


Saidapet (Madras) 

Several 

AmaraMus sp,* 

February 

Bombay .... 

2 

Wild grass 


Pusa (Bihar) . 

1 

Oat leaf 


Coimbatore (Madi'as) 

. , 

.... 

March 

Dehra Dun (TJ- P.) . 

Several 

Amarantm epinosus* 


Bombay .... 

1 

.... 


Daltonganj (Bengal) 

1 

Zizyphus jujuba 


Coimbatore (Madras) 

» • 

.... 

April 

Dehra Dun (U. P.) . 

Several 

Amarantm spinoms"^ 


Surat (Bombay) 

1 

.... 


Lahore (Punjab) « 

1 

Amarantus sp. 


Pusa (Bihar) . 

5 

Amarantus spinosm* 


Ganjam (S. India) 

Several 

At light. 


South Arcot (S. India) 


Amarantm sp. 

May 

Purneah (Bengal) 


.... 


Pusa (Bihar) . 


Indigo 


Pusa (Bihar) 

1 

Anuxrantus sp. 


Lahore (Punjab) 

2 1 

Amarantus sf). 


Coimbatore (Madras) 


.... 

June 

Pusa (Bihar) . 

1 

.... 


Coimbatore (Madras) 

1 

Babul 


Madras .... 

Several 

Amarantus gangeticus 

July 

Siliguri (Bengal) 


.... 


Calcutta (Bengal) 


.... 


Darjeeling (Bengal) . 


.... 


BaUygunj (Bengal) 


At light 


Mandalay (Burma) . 

2 

Amarantus sp. 


Kalka (Punjab) 

1 

.... 


Pusa (Bihar) . 

3 



Coimbatore (Madras) 


Babul 

August . 

Purneah (Bengal) 


.... 


Pusa (Bihar) . 

*2 

Amarantus gangeticus"^ 


Upper Burma . 

3 



Trichinopoly (Madras) 

1 

Amarantus sp. 


^ In these oases the ixniriat'iire stages were found actually in the food plants jnen- 
tioned. 
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Table I — concld. 


Month 


September 


October 


November 


December 


Locality and province 

No. of 
individuals 

Dehra Dun (U. P.) . 

j Several 

Monghyr (Bihar) 


Pusa (Bihar) . 

2 

Saidapet and Vizag. 

7 

(Madras). 


Dehra Dun (U. P.) . 


Chingliput (Bombay) 

i 

Cawnpore (U. P.) 

2 

Surat (Bombay) 

1 

Nagpur (C. P.) 

1 

Bilaspur „ . 

1 

Pusa (Bihar) . 

4 

Madhopur (Bengal) . 

\ 

Attur, Annampali, Godavary 

, . 1 

(S. India). 


Dehra Dun (U. P.) . 

Several 

Pusa (Bihar) . . . 

2 

Gurdaspur (Punjab) . . 

3 

1 

Cuttack (Bengal) 

1 

Gorakhpur (U. P.) . 

1 

Trichinopoly (Madras) 

1 1 

Godavary (Madras) . . | 

i 


F ood plants and remarks 


AmatantuB gangeticm^ 

Amarantus gmigeticm ^ 
Amarantm sp. 


Amarantus gangeticm^ 
Amarantus sp. 

Niger 

Cotton 

Amarantus sp.* 
Amarantus sp.* 


Amarantus spinosus"^ 
Cucurhitaceat 


After hatching under the epidermis of a twig, the young grub bores towards 
, ® pithy portion in the centre it bores along the 

length of the branch, the passage of least resistance. It is. however, interest- 
ing to hnd that the grub almost mvariably bores towards the proximal end 
which IS the thicker end of the branch. Arriving at the junction it burrows 
into the next thicker branch ; m this way increase in the size of the grub 
automaticaUy synchronises with increase in the thickness of the branch. 
When lull grown, the grub prepares a wide chamber for pupation This is 
marked by a characteristic sweUing of the stem externaUy In severe cases 
of attack one may find a large number of such swellings marking the position 
of foil-grown grubs and pupae. From a single large plant of AmaranMi^ 
ly individui* of tto species in different stales 
were collected. Fletcher recorded only ten to twelve grubs infesting a sincrle 
host plant. As a result of such a heavy infestation the ^ant growth^ecomS 

tionedf' immature stages were found actually in the food plants men- 




AM IMKTUS BOBER, 0I3 

stiintefl, and there are but few tender B'lioots and new leaves left on tlie plant 
which are the chief .portion used as vegetable. All the old branches and main 
§tehi present a twisted and swollen appearance mid finally there is veiy 
liMited flowering and setting of seed. 

Though a pest of ahiarantus, the weevil has also been reported on a va- 
riety of other plants, c.g., iiiger, indigo Zizyplms jtijiiba, Lagenaria V'ldgariSy 
Sokmmn mdongena, etc. It is interesting to note that with the exception of 
■: ainarantusj the larval stages are not known froM any other liost plant. 

In order to determine the actual food plants of this weevib fi.\"epairs of 
adults, emerged between 6tli and 9th December, 1935, were caged on different 
s|>ecies of Aniarmif/us and other allied plants. Before introducing the weevils, 
the |'>a!*t.s of the plant enclosed, were examined carefully for eggs and grubs* 
Twigs shoving oviposition or damage, such as nibbled leaves, etc., were reject- 
ed. x^fter cjvery twenty-four hours the weevils were transferred to a fresh twig, 
the previous one being examined for eggs as well as damage to leaves. The 
experiments repeated six to eleven times with each food plant show that all 
the four species of Amaranhts, viz., gmigeticus, caudatfii6\ viridis and spinosm, 
are attacked by the weevil, their leaves and tender branches are eaten by the 
adults, eggs are laid on them and the grubs feed inside their stem. Amarantm 
spmostis is the least susceptible; eggs w’-ere laid only in three cases out of 
, eight and the leaves were only slightly nibbled. This is supported by field 

observations, which show that when other species of Amarantus are available, 
plants of Amarantus spinosus in the same locality are quite healthy and free 
from attack. They are only attacked in case the other varieties are absent 
or scarce. In the case of Chejiopodhm album the leaves were reluctantly 
nibbled after some starvation, and eggs were laid in the stem after boring 
several empty holes. The young grubs in this case were found to develop 
inside the stem to some extent but could not be reared to the adult stage. 

It seems that the weevil infests Clienopodium album and Amurantus spinomis 
under conditions of scarcity of suitable species of Amarantus, The leaves 
of Zizyplms jujuba were slightly nibbled by the adult 'weevils but neither eggs 
were laid on it nor were the grubs found inside the stem. On Lagenari 
Vtdgaris and Solanum melongena the weevils could neither feed nor oviposit, 

? Emergence, co 2 ndation and pre-oviposition period 

This weevil is a rather slow-developing insect with overlapping broods in 
nature ; the adults continue emerging from the infested plants without any 
definite interruption. 

In order to get an idea of the rate of their emergence, five full-grown 
plants of Amarantus caudatus were caged in two separate wire-gauze cages 
and the adult weevils emerging therefrom were collected and recorded. It 
was noticed that the weekly number of adults emerging from the end of De- 
cember to middle of January was somewhat higher than that emerging dur- 
ing the rest of ftie period, but there Tvas no definite break in emergence during 
the experimentil period. 
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The weevils are almost sexually mature after emergence, therefore the 
pre-copulation and pre-oviposition periods are short. EveninDeceniber, the 
weevils emerged on the 9th began to copulate on the 13th and started egg- 
laying on the 14th. The copulation lasts for about seven to eight hours and 
egg-laying may commence immediately thereafter. 


Oviposition— As stated already, the eggs and the method of oviposition 
were so far unknown. Fletcher [ 1917 ] surmised that the eggs are probably 
laid inside the stem under the axil of a leaf on one of the lateral branches. 
It has now been definitely observed that the female bores a hole, I'l’® 
deep, in the tender branches of the plant or in the petiole or midrib of 
leaves, and deposits a single egg therem (Plate XZVn, fig. 2). The mouth 
of the hole is closed with a sticky secretion spread into an oval flap. When 
fresh, this flap is dull green in colour and, therefore, it is d^cult to make out 
the seat of oviposition without a careful examination. In a few days, the 
flap becomes black (Plate XXVII, fig. 1), but by this time the egg has already 
hatched and the grub bored into the stem. Older branches of plants, which are 
usually hard and somewhat diy, are avoided for oviposition. 


During favourable season, i.e., from April to Septernber, the female lays 
two to three eggs per day (maximum six eggs) while during winter egg-laying 
may stop altogether. The maximum number laid by one female was found to be 
174 spread over a life of about five months. The oviposition record of a typical 
female showed that during the first month following emergence, viz., 9th De- 
cember to 8th January, it laid twenty eggs. During the next month on ac- 
count of severe cold, oviposition stopped altogether. It then laid sixty- 
four eggs during March and forty-nine eggs during April and died on 4th 
May after an oviposition period of about five months. 

^The egg is oblong, broadly rounded at the two ends^and measures 

on an average 1 • 2 mm. in length and O’ 7 mm. in breadth (Plate XXVII, fig. 3). 
It has a uniformly pale yellow colouration and a smooth glistening surface. 
As it develops, it undergoes little change in shape or colour except that the 
length increases slighly at the expense of the breadth.^ Forty-eight hours 
after oviposition at 20°C., the dark reddish brown mandibles of the embryo 
become visible. They grow more and more prominent as hatching approaches 
and an hour before actual hatching they show a gnawing movement. As 
the eggs are laid in contact with cell sap of the plant, they require for their 
development not only a saturated atmosphere, but perhaps dmect contact 
with free water. Thus the eggs removed from the plant and kept in a partially 
saturated atmosphere did not hatch at all. At room temperature, during 
March and N ovember, the incubation of eggs takes ten to twelve days. Freshly 
laid eggs kept at constant temperatures of 27°C. and 20°C. hatched in about 
four days and ten days respectively. 

Grub . — The freshly hatched grub (Plate XXVII, fig. 4) is smaller than the 
egg. It measures about I’O mm. long and O’ 5 mm. broad. The head capsule 
is large, as broad as long, and constitutes about one third of the body length. 
It is light brow’n with several darker transverse streaks. The mandibles are 
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' '* ' PLATE XXVTT 

r ( "t 

Fig. 1. Dark spot showing the seat of oviposition by Lixm truncatulus 

Fig. 2. Cross' section of twig showing an egg of inside the hole (x 4) 

Fig. ' Egg of lAxus tnincatulus taken out of the hole ( X 10) ■ . 

Fig. 4. Crnb of Lixus truncatulus, freshly hatched ( X 20) 

Fig. 6. ' Tupa of Lixus truncatulus, ( X 6) 

Fig. 6. " ' Adult of Lixus truncatulus, (x8) 

Fig. 7. Larva of Lestodiplosis sp. on weevil egg ( x h) 

Fig. 8. Adult of Lestodiplosis sp* (x20) 

Fig. 9. Covering of hole cut open to show (a) Egg of Pareuderus torymoides, and {b) the weevil egg ( x4) 
Fig. 10. Adult of Dinarmas sauieri $ (xi6) ' . T-' L 

Fig. 11. Adult of Dinarmus sauteri ^ {xl^) ' ■ 














AMARANTIJS borer, LIXUS TRIiNCAr-UlttS (F. 


Strong and dark brown in colour. The thorax and abdomen aie aniformly 
light yellow'. All the segments are nearly equal in breadth and size, except- 
ing the last two abdominal segments W'hich successively decrease in size. 
The terminal part of abdomen is thus broadly rounded dorsaUy. 

The full-grown grub measures 14-15 mm. in length and 1*7 to 1-8 mm. 
in breadth. The description of full-grown grub as given by Gardner f 1934 ] 
is reproduced below : — . j 

“ Body cur\'ed, slightly wider at thorax, posteriorly broadly rounded. Sl-in densely 
micro-asperate. Length about 16 mm. Head capsule reddish-testaceous with broad 
pale streaks, width about 1-75 mm. Frons wider than long, without dark median line 
Ocelh one near antenna and a small posterior black spot on each side. Antenna with 
apical segment stoutly conical. Epipharynx with a row of six or seven long antero- 
lateral setae on each side, the stout rods contiguous posteriorly. Apical segments of 
palps small but distinctly longer than wide, labial palps .separated by about twice width 

of basal segment. Typical abdominal terga with four distinct ti-ansverse folds, the fourth 
not protuberant. Spiracles nearly circular, with paired air- tubes projecting well beyond 
peritreme, posterior pair widely separated, subequal to preceding pair.” 

The grub stage of the weevil being a period of rather slow' development, 
all attempts to complete this stage inside the constant-temperature incubators 
failed, as it was not possible to keep the growing plants in a healthy condition 
for sufficiently long period in the darkness of the incubator. On the other 
hand, the process of frequent transferring of the grub from old to fresh twig 
resulted, as in the case of many other borers, into extremely slackened develop- 
ment, often followed by death. Under conditions of room temperature, 
however, the grub stage, though very variable, was completed in several 
cases and the data are given in Table II. It will be noticed that grubs hatched 
about the end of March, pupated after forty to fifty-five days, while those 
which hatched in the end of October and beginning of November passed the 
entire winter in the larval stage. 

Table II 


Larval period o/Lixus truncatulus at room temperature 


Kef. No. 

Date of hatching 

Date of pupation 

Pupal 

period 

(days) 

17 

18 

30th Oct. 1935 

9th Nov. 1935 

Died on 15th Mar. 1936 without pupating 
Died on 9th Feb. 1936 without pupating 


19 

26th Mar. 1936 . 

20th May 1936 . . . 

65 

21 

28th Mar. 1936 . 

16th May 1936 . 

48 

24 

6th Apl. 1936 

24th May 1936 .... 

63 

27 

9th Apl. 1936 

19th May 1936 . . . . .‘ 

40 

27 

9th Apl. 1936 

24th May 1936 . . . . 

45 

29 

12th Apl. 1936 

2nd June 1936 . . . 

61 


it IS remaiKaoie tnar rne gruDs can stana consiaerable starvation, parti- 
cularly during the cold weather. A lot of fifteen well-developed grubs collected 
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from amarantus stem on 4th December 1935 was kept without food in the 
laboratory. Excepting two grubs which died during the first week, the rest 
died between 22nd February and 3rd March 1936. Thus the maximum period 
of starvation was as long as eighty-nine days. 

Pupa . — When full gi’own, the grub prepares a wide chamber for pupation 
which causes a characteristic sw'elling of the stem or gaU. The pupa 
(Plate XXVII, fig. 5) measures 8*7 to 9*0 mm. in length and about 2*6 mm. 
in maximum width. The eyes are dark from the very beginning, the rest of 
the body is pale yeUow with dark brown lines at the inter-segmental areas of 
abdomen and antennae and along veins of the wing pads. The wing pads 
lie between the second and third pair of folded legs and extend a little beyond 
the tibio-femoral fold of third pair of legs. The abdomen is straight with 
prominent circular spiracles on the lateral aspect of segments. 

Ordinarily the pupa lies motionless, but when disturbed, it moves its 
abdomen actively and can wriggle about a little. The duration of the pupal 
period as shown in Table III is nine to ten days at 27°C. as well as at room 
temperature during April, and twenty to twenty-four days at 20°C. 

Table III 


Pupal period of Lixus truneatulus at different temperatures 


Ref. No. 

Temperature 

Date 

of 

pupation 

Date of emergence of 
adults 

Pupal 

period 

(days) 

No. of 
weevils 
emerged 

41 

27°C. 

9th Dec. 

18th December 1935 

9 

3 



1935 

19th December 1935 

10 

5 

42 

27°C. 

17th Jan. 

26th January 1936 . 

9 

7 



1936 

27th January 1936 . 

10 

6 




28th January 1936 . 

11 

1 

128 

20°C. 

1st Feb. 

21st February 1936. 

20 

2 



1936 

22nd February 1936 

21 

2 




24th February 1936 

23 

4 

129 

20°C. 

3rd Feb. 

24th February 1936 

21 

1 



1936 

25th February 1936 

22 

5 

" i 



26th February 1936 

23 

3 




27th February 1936 

24 

2 

136 

Room temperature 

5th Apl. 

15th April 1936 

10 

5 


i 

1936 

16th April 1936 

11 

2 

137 

Do. 

9th Apl. 

18th April 1936 

9 

3 



1936 

19th April 1936 

10 

, 4, 




20th April 1936 . 

11 

1 


AMAEANTUS BOEEE, L!XV8 fBUNfJAWLUS (F.) 


Adult weevil , — In general appearance tlie weevil (Plate XXVII, fig. 6) is 
dirty coloured witli several dark patches on a densely piiliescent, body. It is 
rather large in size, measuring on the average 8*75 inin. long and 3 mm. 
broad. Though very sluggish and disinclined to fly or even run, it is quite alert 
in noticing an approaching hand. By a little but prompt inovement it just 
turns round the stem away from the hand and gets concealed by falling on 
the ground and feigning death like many other CurcuIionida..e. On falling 
down it lies ventral surface upwards and the legs stretched out. The 
ventral surface being uniformly dirty white matches exactly wit:h the ground 
colour and thus' seems to offer a successful protection against enemies. 

When food is available the life of the adults is fairly long. A great 
imijority of the weevils emerging in November and December lived up to th,e 
month ol‘ April and May next, thus obtaining a life of four to six months. 

When kept without food the life of the w^eevils is considerably 
shortened. A number of freshly emerged w^eeviis w-^as starved at a constant 
temperature of 27 and two different saturation deficiencies. It was 
noticed that the average life of starved adults w^as 9*2 days (maximum 15 
days) at a saturation deficiency of 9 mm. and 7*6 clays (maximiim 12 
days) at a saturation deficiency of 0 mm. This show s that fully saturated 
atmosphere is detrimental to the longevity of adults, w hereas it w as essential 
for the proper development of eggs and grubs. 

Number of broods . — From the foregoing account of the rate of develop- 
ment, it will be observed that under favourable conditions the total pre-ima- 
ginal period is roughly two months. This means that there are at least three 
broods from March to November. As already pointed out, owing to the rather 
irregular and variable larval development, the different broods in nature are 
not distinct. During winter all the stages of the w^eevil are found undergoing 
slow" but some development during the day. Thus there i>s no true 
hibernation. 

III. Pakasites axd pbbdatobs of Lixvs trxixcatulvs 

From the account of the life-histoiy^ of Lixus truncaivlus it will be observed 
that all its pre-imaginal stages are passed within the host plant ; even the eggs 
are laid inside the plant tissue and covered over w ith a layer of sticky secre- 
tion. This would indicate that the w^eevil leads a well protected life from its 
enemies. Actually, however, it was found that it is prone to the attacks of 
a number of parasites, particularly in the egg stage. These are listed below'^ : — 

1. Egg parasites — 

(1) Pareuderus torymoides Ferriere 

(2) Anastatus sp. prox. eoleopterorum Girault 

(3) Anastatus sp. 

(4) Lestodiplosis sp. - 

(5) Telenomus javensis Dodd 


618 


THE INDIAN JOUBNAL OF AGRICULTURAL SCIENCE [IX, 


2. Larval parasite — 

(6) Dinarmus sauteri Masi 

3. Pupal parasite — 

(7) Eurytoma curcuUonum Mayr 

Recently Gardner (unpublished) has reared a species of Calliephialtes 
at Dehra Dun and Ayyar [ 1938 ] has bred some parasites of the genera Tetras- 
tichus, Dinarmus (?) and Spathius from the immature stages of the weevil. 
Thus it is noteworthy that all the parasites dealt with in this paper have been 
bred from Lixus truncatulus for the first time, and were not known from Indian 
region so far. A detailed account of the life-history and morphology of the 
important ones is given in the following pages. 

1. Pareuderus torymoides Ferriere (Eulophidae : Chalcidoidea) 


s. 1 


!i , I 

i- i ‘ 

j ■ j 1 




W- 

III 

;:vii .I'i 


Of the five egg parasites, listed above, Pareuderus torymoides Ferr. was 
found to be the commonest, and parasitised a larger proportion of eggs than 
those killed by all the other parasites put together. This is the first record 
of the species from India and perhaps the second in the world. It was only 
a few years ago [ Ferriere, 1931 ] that the parasite was described from Java 
where it was found parasitising the eggs of Alcides leeuwanii infesting Ceiba 
pentendra. Beyond this first report of occurrence nothing is known of the 
life-Mstory, status, etc., of the parasite. We have several species of Alcides 
injurious to vegetables in India and it is very likely that, as our knowledge 
advances, several additions will be made to the hosts of this apparently im- 
portant parasite. 

Systematic position and diagnostic characters. — This species is the geno- 
type on which Ferriere [ 1931] erected the genus Pareuderus which is closely 
allied to Euderus. In order to facilitate the distinction of the species its im- 
portant characters extracted from author’s description are given below. — 

“ Head and thorax black with some bluish reflections or sometimes greenish on the 
thorax of males ; abdomen dark greenish or bluish violet on the sides. Antennae dark 
brown, pedicel with bluish shine, underside of scape yellow. Legs with bluish coxae 
and femora, the tibiae brown slightly bluish in the middle, the tip of tibiae and the tarsi 
white, except the last tarsal joint which is brown. Female (Plate XXVIII, fig. 4) : below 
the front ocellus a transverse furrow stretches almost from one eye to the other, separating 
the vertex from the frons. Face shagreened, slightly convex, the antennal groove not 
deep and without marginal carinae. Cheeks with length one third the length of an 
eye. Antennae inserted in the middle of the face, pedicel not broader than, and as long 
as, a third of the scape ; the four joints of the funicle subequal in length and as long as 
the pedicel ; club longer than the two preceding joints together, pointed at tip. Thorax 
entirely punctate, dull, the scutellum and the pleurae more finely punctate than the 
mesonotum, scutellum not higher than the mesonotum, but strongly convex on the 
sides and behind. Propodeon short, pimctate, with a median carina and short furrows 
near the spiracles. Marginal vein longer than the submarginal, gradually and slightly 
narrowed toward the apex ; postmarginal vein thin, as long as one fourth of the marginal ; 
stigmal vein shorter than the postmarginal. Male (Plate XXVII, figs. 5 & 6): similar 
but the scutellum more convex at the sides and behind. Length: $ 1* 5.1-6 mm, 

(without ovipositor) ; 1*2-1 *4 mm. 








AMAEAKTEJS BORER, /y/I£;,S (F.) 6It( 

Life-tiiatory arid description of various stages. 

Oviposihon.— The female parasite locates the egg cavity of the host, 
pierces the iid of the cavity with its ovipositor and deposits a single egg 
just above the host egg (Plate XXVII, 9). It is interesting to note that 
the parasite is capable of discovering the host egg w'hich is laid so seourelv 
inside the plant tissue. 

The freshly laid egg (Plate XXVIII, fig. 1) is semi-transparent, becoming 
more opaque and whitish as development advances. It measures O’ 36 mm. in 
length and O’ 17 mm. in breadth. It is broadly rounded at the anterior end 
and somewhat narrowed posteriorly. At the broad end it carries a stalls, 
usually curved and about half as long as the egg. Due to its elastic shell the 

does not maintain .symmetrical .shape but under pressure one side may 
become more convex than the other. 

At room temperature during December (17°-2rc.) egg hatches in about 
two days; at a constant temperature of 27°C. it hatches within twenty- 
four hours. 

Grub . — Soon after hatching the grub goes underneath the host egg and 
begins to feed on the egg contents. Evidently the puncture made is so fine 
that egg contents do not ooze out immediately, and the egg retains its shape 
for a few days. Gradually the egg loses its turgidity, till ft becomes empty 
and a well-developed para.site grub is seen under the host egg shell. One 
host egg is enough for the entire feeding stage of one parasite. 


The v/ell -developed grub (Plate XXVIII, fig. 2) measures about 1 mm. in 
lengtli and O’ 5 mm. in breadth. Body consists of a small head, three thoracic 
and ten abdominal segments. The first thoracic segment is the largest, the 
second and third are about half as broad as the first. The abdominal seg- 
ments are much narrower than the thoracic segments so that the ten abdominal 
segments put together constitute only about half the entire length of the 
grub. The entire body of the grub is white with a faint bluish tinge. The sharp 
mandibles are, however, dark brownish. 

The duration of the grub stage is rather short ; it is five to six days at a 
constant temperature of 27°C. and about ten days at room temperature 
(17°-21°C.) during December. 

Pupa . — ^The full-grown grub pupates within the cavity in which the host 
egg was laid. The pupa is stout, broad and very much curved (Plate XXVIII, 
fig. 3). The eyes are round and comparatively large and the antennae are 
rolled over the eyes reaching as far as the middle of abdomen. It measures 
.about J ’.25 mm. in length and 0’ 66 mm. in breadth. 




§20 



I’HE INDIAN JOUKNAL OF AGEICULTURAL SGIENCl [IX, IV 

Tile pupal period was determined froM a large number of indiTiduals, 
of which some typical cases are given below (Table IV) 

Table IV 


Pupal period of P. torymoides 


Ref. No. 

Date of pupation 

Date of emergence 

Pupal 

period 

(days) 

Temper- 

ature 

(°C.) 

4S 

13th December 1936 ^ 

18th December 1936 

5 

27 

44 

14th December 1936 . 

19th December 1936 

5 

27 

54 

20th December 1936 . 

25th December 1936 

5 

27 

61 

21st December 1936 . 

25*26th December 1936 

5-6 

27 

70 

25th December 1936 . 

30th December ] 936 . i 

5 

27 

74 

25th December 1936 . 

30-3 1st December 1936 . 

5-6 

27 

90 

4th January 1937 

8th January 1937 . i 

5 

27 



9th January 1937 . 

6 

27 

116 

18th January 1937 

24th January 1937 

6 

27 

119 ! 

19th January 1937 . 

24th January 1937 

5 

27 

122 1 

I 

27th J anuary 1937 

4th February 1937 

8 

20 


It will be noticed that the pupal duration is about five to six days at 
27 Th and nearly eight days at 20°C. 


Number of generations . — From the data given above we find that the pre- 
imaginal stages of the parasite are completed in less than a fortnight at 27°C. 
and in about three weeks during December (temperature 17®-21°C.)- The host, 
on the other hand, is very slow developing ; it takes over two months 
even under favourable conditions of temperature, viz., 27°C. It has 
not been possible to study all the factors, but from the work carried out 
so far, it seems that the parasite has sufficient potential capacity to control 
the niultiplication of the host. Under natural conditions during winter about 
31 per cent of the weevil eggs were found parasitised. 

2. Anastatus sp. prox. coleopterorum Girault. 

3. Anastatus sp. 

{Encyrtidae : Chalcidoidea) 

The weevil egg is parasitised by two closely allied species of Anastatus, 
the life-history of which is somewhat similar to, but the incidence much 
low'cr than, that of Pareuderus torymoides F. Of these, Anastakis sp. prox. 
coleopterorum is comparatively more common than the other. Otherwise 
their life-histories are similar and are therefore dealt with together. 

Oviposition . — Eggs are laid singly Just under the lid of the cavit}^ con- 
taining the host egg. The egg is translucent white, resembling in shape with, 
but slightly bigger than the egg of P. torymoides. It measures 0*44 mm. 
in length and 0*15 mm. in breadth. When about to hatch, the egg becomes 
slightly elongate. 

Grub . — In about forty-eight hours the grub hatches out of the egg, goes 
under the host egg and begins to feed on it. After some time the host egg 
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loses' its usual brilliance and tiirgidity and becomes dull ana depressed. The 
parasite grub feeds so rapidly and voraciously for the fost two to three days 
that by this time the host egg seems almost entirely consumed. Later, 
the feeding and development are slow, the larval period being completed 
in five to seven days at 27®G. (Table V). One egg is sufficient for the comple- 
tion .of the larval stage of the parasite. Superparasitism was noticed in one 
instance w,hen a full-grown grub of Anastatus sp. was found along with a pupa 
of Pamidenis torffmoides in a hole containing reiXiiiants of the host egg. The 
two parasites can probably develop together without detriment to each other 
and two individuals can complete development on a single egg of the host. 

Table V 


Larval and ^rupal periods of Anastatus spp . 


Ref. 

No. 

Tem- 

pera- 

ture 

(°c.) 

Date of liatcliirig 

Date of pupation 

Larval 

period 

(days) 

Pupal 

Date of emergence period 
of adult (days) 

64 

27 

22iid December 

29th December 

7 

4tli January 1936 6 



1935. 

1935. 



81 

27 

31st December 1935 

5fch January 1936 

5 

11th January 1936 6 

83 

27 


1st January 1936 


8th January 1938 7 

97 

27 , 

i 6th January 1936 

12t]i January 1936 

6 

18th January 1936 6 

99 

27 ^ 


7th January 1936 


13th January 1936 6 

100 

27 

9 th January 1936 

14th Jamiary 1936 

1 5 

20 th January 1936 6 

109 

27' 1 

17 th Jamiary 1936 

22nd January 1936 

1 ^ 

1 29 th January 1936 7 

117 

27 J 


lOtb January 1936 

. , 

1 26th January 1936 7 

118 

27 


1 20th January 1936 


I 27th January 1936 7 




Average 

5-6 

6*4 

i 


The full-grown grub (Plate XXVIII, fig. 10) is elongate, measuring 1‘5 
mm. in length and 0‘5 mm. in breadth. The head is large, glistening-white 
and turned downwards. The three thoracic segments bear a row of five to six 
long setae medially on either side of the body. The maximum thickness of, 
the body is maintained up to the first five abdominal segments wdiich are darker 
than the rest of the body owing to the food contents inside. The posterior 
segments of the abdomen gradually taper to the narrow anal and are smoky 
white ill colour. 

The grub leaves feeding a few hours before pupation which takes place 
within the plant cavity. 

Pupa . — The pupa (Plate XXVIII, fig. H) differs very markedly from that 
of P. torymoides, being more slender and longer as well as more erect than the 
latter. It is 1*5 mm. long and 0*5 mm. broad in the region of the thorax. 
The eyes are comparatively small, the antennae not reaching as far as the distal 

Q 
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end of folded wings and the legs reaching up to the tip of the abdomen. The 
abdominal segments are quite distinct. 

The pupal period lasts six to seven days at a temperature of 27°C. (Table 
V). 

Adult . — It Avill be desirable to give here briefly the distinguishing features 
of the two species of Anastatus. 

Anastatus sp. prox. coleopterorum Giraultd (Plate XXVIII, fig. 13) : The 
adult is comparatively smaller, measuring 1 * 1-1 ’25 mm. long and about 0*25 
mm. broad in the region of the thorax. Head and thorax are metallic green and 
the eyes are coppery red. Front femora are dark green while mid and hind 
femora are dark brown. The front tibiae and tarsi are brownish ; also mid 
and hind tibiae, except at apex, are brown. Basal three segments of tarsi 
are light brown, while the terminal two segments are darker. Axillae almost 
meet mesad. Marginal vein in front wings is somewhat equal to the sub- 
marginal vein. The abdomen is dark brick-red. Lateral ocelli are separated 
from the eye border by a distance equal to that between the front and the 
lateral ones. 

Anastatus sp. (Plate XXVIII, fig. 12) : Length 1*25-1*50 mm., breadth 
about 0*5 mm. This species is readily separated from the above by its 
little larger size and uniform dark brown or black colour. Lateral ocelli 
are separated from eye border by a distance much less than that between the 
front and the lateral ones. Eyes are dark brown. The axillae are distinctly 
separate mesad. Legs except fore tibiae and tarsi and apices of mid and 
hind tibiae are concolourous with thorax. Except metatarsus, rest of the 
segments of mid and hind tarsi are dark. Thorax is black and relatively 
broader than in the other species. Marginal vein is somewhat shorter than 
the submarginal vein. Abdomen is dark brown. 

Number of generations and incidence . — ^From Table V it wiU be observed 
that these parasites complete the pre-imaginal period, i.e., from oviposition 
to emergence of adult, in less than two weeks at 27 °C., the temperature ob- 
taining during April-May at Pusa. In spite of the fact that they develop 
almost as fast as P. torymoides their incidence in nature remains very low 
throughout. This show^s that other factors of envuonment are not suitable 
for their rapid multiplication. 


4. Telenomus javensis Dodd 
{Scelionidae : Proctotrypoidea) 

A number of adults of the Scelionid parasite, Telenomus javensis Dodd 
(Plate XXVIII, fig. 7), emerged in cages containiug A camiato twigs 
infested with different stages of lAxus truncatulus. The exact status of the 
parasite and the stage of the host attacked are not known but previous records 
show that the whole group of Scelionidae comprises egg parasites without excep- 
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twn. It is, therefore very likely that here too it attacks the euu staee of 
the weevil. The parasite is recorded from Java, where it was bred in Bit 
from the eggs of a Tmeid infesting sugarcane. Kieffer’.s f 1926] revi.sed its- 
cnption of the female of this species translated into English is given below 

‘ Black. Head a little broader than the thorax. Eyas finelv pube-scent \nifrm‘U‘ 
1 1 -.segmented, .scape as lonjil as the live followina se^nnents nut toJeHter r,fi ^ v 'I 

.segment hardly twice its thickness, third 
«,» th. „con.l than thick? 

th ^ segment short, proximal four segmente tra^sver'^ O ’ 

third bbing considerably thicker than the rest. Thorax fust iono-er 

cent and finely and irregularly sculptured. The fore wings reaching much bevoml^if * 
tip of abdomen, hyaline, not very broad, marginal cfliation fairly long, SL^hai^ fin! 
an thick, veins yellowish, the submarginal vein interrupted in the middle of the front 
margin, marginal vein half as long a.s the stigmal vein Eemur k.!!! f-1- v “ ^ 

ish yellow, tarsi yellow. AbdoiSen a mrion^eTtut 
truncate apjcally, first tergite short, the second covering greater portion of 
surface, first segment and the front part of second segment with Fonvitiidinal striqlinl 
the rest of the abdomen smooth and shiny. Length 0* 9 mm.” ^ " nation, 

•5. Lestodiplosis 
(liomdidoB : D^itera) 

«evn 1 the life-bistory of Li^us Inmcatulus ii, which 

several hundred.s of eggs collected from field were carefully examined in four 
m a cmdomyidlarva w^ a.ssociation with the weevil egg (Plate 

AXVli, ti^ larvae were successfully bred to the aduif stace 

and were identified by Barnes as a species of Lestodiplosis. In none of 
the four cases under observation did the weevil egg hatcli out and in 
one instance an apparently empty egg case of thf weevil y as noBeecS 
dft.r the pupation of the eecidomyid larva. Due to in.sufficient material a 
mole thorough examination of the relationship of the two insects vas not 
possible. It IS therefore difficult to state with certainty its exact status but 
It seems very likely that the larva was predaceous on the weevil egg. £ 

arTarfolIcnv^'*'— expressed in his letter dated 1st January 1837 

There predatory form and so probably came from Amarantm not the Lixus 

AmaranZIr Previous records of gall midges of these genera being found on Lixus and 

nredatisnr'but ^'emarks, it would appear to be a record of doubtful 

piecatism but Barnes seems to have overlooked the fact that a sDecies 

of LMjplosis is already known to parasitise the strawbeiTV 4evi! 

“ Minnesota [ Marcovitch, 1917 ], while several species 
ofLe&^iplosia are known to attack dipterous larvae and pupae including those 
of other cecidomyids [Kieffer, 1900]. lumiigmose 

^ beginning of last stage measures 1-26 mm. 
long and 0 25 mm. broad. As in many other cecidomvids, the body is flat 
dorsoyentrally comparatively broad towards the posterior end, OTadually 
tapering anteriorly, and bearing a pair of antennae. The three tfioS 

!fn ihTff sternal spatula situated ventrally 

on the first thoracic segment is rather small. ^ 
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The pupa is about r25 mm. long and 0-5 mm. broad and possesses 
a creneral^sa^on-pink colouration. The abdomen is large and 
folded legs not going beyond the fifth abdominal segmeiit The head bears 
Intertrlf a pak of lines, behind which are seen a pair of backwardly directed 
fine hairs. The thorax also carries a pair of spines. 

The adult midge (Plate XXVII, fig. is a little over T S mm. long and 
0 - 5 mm. broad. The antennae are long, thirteen segmented, each segmen lead- 
ing a whorl of hairs at the base. The «eck of aU the segments is r ongMy o^^^^^^^ 

same size and nearly three times as long as broad. Head is dark, the th^a 

pale brownish and the abdomen bright pink The vdn 

lon^ and a little over 0-6 mm. broad, arefrmged with hairs. The third vein 
reaches just beyond the tip of the wing and fifth vein forked at about 
third its distance from the tip. 

6. Dinarmus sauteri Mcisi 
(Miscogasteridae : Chalcidoidea) 

This psrSBite was found parasitising to a sma^U extent well-developrf 
larvaie of kus .runMrn. Mad [ 11.26 ] described 

mens collected by Sauter from Formosa (Japan) in 19^. The writer l as 
not been able to find any record of this species from any other part of the world 

since that date. 

The grub is elongate and active. When full grown, it measures 2 / 
to 2 - 8 mm, in length and 0-7 to 0-8 mm. in breadth. It pupates 
tunnel close to the remains of the host grub. The pupa i« ^Jraigld with rad 
small eyes, brownish antennae and a large abdomen. At 27 0. tPc pupal 
period is only four to five days. ^ ^ t r i 

Adult —The orkinal description of the species (op. cit.) is based on 

specimens only. Masi has kindly s^t me a fo) 

I reproduce below after slight modifications (Plate XXVll, hg. ). 

Female —Length 4- 5-5-0 mm. Aeneous-green; the abdomen above 
deep violet,’ except the basal tergite which is brassy-green; ^ome^es ^do- 
men above violet-brown; eyes chestnut; antennae reddish yellow, nin 
^Ttenth Ltennal segments (fourth and fifth of funicle) and sometimes the 
sixth (first of funicle) darker, also sometimes the 8th (third of funicle) testaceous 
:;rtlJUowing oU dark; the club always dark bro™h,^^w^^^^ 

ochraceous tarsi ; knees, apices of mid tibiae, apical one third of Postenor 
tibiae whitish or yellowish, the darker colouratioii always sharply define 
against the paler colour. Wings slightly greyish, veins dark brown. 

Head shorter than long; antennae inserted above 
middle of face ; margin of the clypeus deeply incised at the mi Jile , „enal 
sulcus faint, orbits elliptical, vertex obtusely angulated and rounded, bcap 
reaching beyond the front ocellus; pedicel nearly as long as the three rm^- 
joints combined ; the third ring-joint one and a half times longei than the p^ 
ceding one and a little broader; first fumcular segment three times longer 
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fcbaii broad and twice the length of pedicel ; the following Bcgments becoming 
gradually ' shorter and broader, the oth a trifle longer than half of the Lst, 
one and half times longer than broad ; length of club equal to the first segment 
..and the .third ring-joint combined. Fore wings well rounded apically, ratio 
of the. costal ceJJ, marginal, post-marginal and stigmal veins 100 : 51 : 36 : 20 ; 
stigmal vein somewhat clavate, basal cell and mirror (naked, area) naked, the 
remaining space covered with rather densely set setae ; of these at least 30 
between the st.ig.mal and post-marginal veins (on the upper side of tlie wing) 
four or five in each transverse series. Dorsellum. (central part of the true 
metanotum) with the usual t'wo pits at its extremities ; propodeiim. not cari- 
nated medially, densely punctate, with the posterior part distinctly bordered 
near the petiolar articulation ; stigma twice longer than broad, separated 
from the median area of propodeum with two superposed pits, the low^er of 
which is more visible and deeper. ' Mesepimerum ' (morphologically inferior, 
part of mesepimerum) shining, seen with the microscope finely reticulate. 
Abdomen not longer than the rest of body, nearly equal to the thorax in 
breadth, very minutely reticulate. 

As there is marked dimorphism in this species and the male has not been 
described so far, it has been considered necessary to figure both the sexes 
(Plate XXVIII, figs. 10 and 11) and to give below important points in which 
male differs from the female : — 

Male. — ^Length about 2*4 mm. General colour bright metaliic green. 
Excepting the apical third of first, the whole of the second, and tlie base of the 
third tergites which are white, the rest of abdomen very dark violet or dark 
coppery brown. Scape and pedicel light brown, rest of antennae dark brown. 
Coxae concoloiirous ; fore and mid femora reddish brown ; hind femora 
coppery brown ; basal halves of tibiae light brown ; all knees, apical halves 
of tibiae, tarsi except apical segment almost white. Veins relatively lighter 
than in the female. Antennae inserted w^ell above the middle of face, ring- 
joints two, pedicel nearly equal to the first funicular segment. Propodeum 
with a distinct median carina, sculptured like the rest of thorax. 

Allotype — 1 male on a card, in the Pusa collection. 

Paratype — 1 male on a card> in the Pusa collection. 

Pusa, T. Ahmad, ex grub of Lixus truncahdus^ 9-12-1935. 

7. Eurytoma curculionum Mayr 
{Enrytomidae : Ghalcidoidea) 

The grubs of this parasite were found feeding on the grubs and pupae 
of Lixus truncatulus in small numbers. The parasite grub is a voracious 
feeder, measuring when full grown about 4 mm. long and 1-1*25 mm. broad. 
This species is known to parasitise grubs of Gleopms campanulae and Gymnetron 
asellus in Austria [Mayr, 1878], spp. in France [Faure, 1923 ] and 

Lixus fund Boh., a pest of seed beet in central Italy [ Menozzi, 1934 ; 1936]. 
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In the latter case the parasite is considered to be of sufficient importance and 
attempts are being made to breed it artificially and liberate it for the control 
of Lixus junci. 

The pupa (Plate XXVIII, fig. 8) has rather small, characteristically red 
eyes and brownish antennae on a small head. It measures 4 mm. long and 1 * 25 
mm. broad. The thorax is prominently bulging out with distinct three 
segments. The folded legs do not go beyond three fourth the length of 
abdomen. The abdomen is plumpy, the length being only a little over one and 
a half times the breadth. The pupal period is eight to nine days at 27‘'C. 

The adult parasite (Plate XXVIII, fig. 9) is a stoutdooking black insect 
about 4 mm. long and 1 • 25 mm. broad. The entire body with the exception of 
eyes and legs are jet black. Eyes are deep brownish red. The tibiae and front 
tarsi are light brownish red. The femora are smoky black, while the middle 
and hind knees and tarsi are whitish excepting the terminal segments which 
are dark. The abdomen is elongate, about two and a half times as long as 
broad. 
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V. Summary 

The Amarantus borer, Lixus truncatulus, is widely distributed throughout 
India, as a minor pest of several species of amarantus cultivated for vegetable, 
medicinal or ornamental purposes. The weevil has actually been bred from 
Amarantus gangeticus, A. caudatus, A. viridis, and A, spinosus. In case 
of scarcity of these food plants eggs are also laid after making several empty 
holes in Chenopodhm album. 

The adult weevils are almost mature on emergence. They copulate for 
seven to eight hours and begin egg-laying soon thereafter. Eggs are laid singly 
in holes bored in tender branches of plants, or in the petioles, and midribs of 
leaves and covered over with a sticky secretion. The maximum number of 
eggs laid by a female during her life of about five months was 174. The incu- 
bation period is four days at 27''C. and ten days at 20°C. The grub stage 
lasts forty to fifty-five days during spring, while the grubs hatched in autumn 
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During winter the grubs ean live 
without food for about three months. The pupal period is nine to ten days 
at ..7 G. and twenty to twenty-four days at 20°C. The adult weevils normaily 
hve for four to six months. Prom March to J^ovember there are roughly 
three broods which overlap each other. 

The life-history and morphology of five egg parasites, one larval parasite 
and one pupal parasite of the weevil are described. All these parasites 
have been bred from Lixus trmicatulus for the first time from India. 
Ut the egg parasites, Pareuderus torymoides Pemeie seems to be tlie most im- 
portarit ; it pamsitises up to 31 per cent of eggs at Pusa. Two species of 
Anastatus, and Pelmamus javensis Dodd come ne.xt and are of minor import- 
ance as egg parasites. A cecidomyid, Lestodiplosis sp., is also recorded as 
a predator on eggs of the weevil. 

The chalcid parasite, Dinannus sauteri Masi parasitises the grubs to a 
small extent. As there is marked dimorphism in this species and the original 
desSbe^^ leased on female specimens only, the male of the species is also 

Lastly Eurytoma curcuUonum Mayr is recorded as parasitising the grubs 
and pupae of the weevil in small numbers. ^ 

REFERENCES 

Ayyar, P. N. K. (1938). Proc. Ind. Sci. Congr. 26th Session, Calcutta 
Paure, J. C. (1923), Rev, Zool, Agric, E, app,, 22, 35-43 ; 84-92 
EerriereCh. (1931). Bull, Ent,, Res. 22, 287-89 
Fletcher, T. B. (1914). ** Some South Indian Insects ”, p. 331. 

(1917). Rept, Proc, 2nd Ent, Meet, Pusa, pp. 296-97 
Gardner, J. C. M. (1934), Ind, Forest Reo., 20, part II, p. 23 
Kieffer, J. J, (1900). Ann. Soc, Ent, France^ 69 
- (1926). Das Tierreidh, 48, 40 

Lefroy, H. M. (1909). ‘ Indian Insect Life \ p. 385 : Thacker Spink & Co. 

Mareovitch, S. (1917). SixUenth Rept. Minnesota State Entmnologist for 1915-16, pp. 109- 


Masi, L. (1926). Konowia, 5, 360-62 

Mayr, G. (1878). Vefh,zool,-hot. Ges. Wien, 28, 301 ; 306 ; 314 
Menozzi, C. (1934). Industr. Sacear, Ital,, 27, No. 12 (reprint) 

■ ^ (1936). Industr, Saccar, Ital,, 2 (vepvmt) 

Priithi, H. S. (1936). Rept. Imperial Entomologist, 1936-S6, p. 132 





THE BIONOMICS, LIFE^HISTORY AND CONTROL 01 
THE GRASSHOPPER POECILOCERUS PICTUS 
(FAB,)— A NEW PEST OF CULTIVATED 
CROPS IN NORTH INDIA 

BY 

HEM SINGH PPUJTHI,MBc., Ph.D.,F.m 
Imperial Entomologist 
AYD 

L. N. NIGAM, B.Sc, 

Assistant to Imperial Entomologist^ Neto Delhi 
(Received for publication on lOth February 1939) 

(With Plates XXIX and XXX) 


COMTEITS 


I. Intbodttction, ....... 

II. Distbibution . . 

III. Food plants and natube of damage 

IV. Lipe-histoby and description op immature stages 

Copulation . . . . . 

Oviposition . . . 

Egg 

Different nymph al stages . . . . 

V. CONTBOL MEASITKES ...... 

VI. Summary . . . . . . . ' . 

VII. Repbbences 


Pages 

629 

630 

630 

631 


I. Intboduction 

The grasshopper Poecilocerus pictus (Fab.) is quite faniiliar to the stii- 

dents of entomology and needs no special introduction. On account of its 
large size it is selected as a type for teaching insect morphology in some Agri- 
cultural Colleges. Though its anatomy has been studied in some detail, its 
bionomics, life-history, etc., have not been fully iuvestigated. Obviously 
this is due to the fact that this grasshopper has not attracted the attention of 
economic entomologists since it is not considered to be a pest of any cultivated 
crop. It chiefly feeds on a wild plant called ak (Hmdustani), a species of the 
genus CdlotTo^is, and hence it is popularly called as the die grasshopper. TVith 

( 629 ) 
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the exception of a record by Fletcher [1914] of this grasshopper having been 
found damaging young fig trees in South India, it was not known to cause 
damage to any plants of economic value until recently when in the summer of 
1937 the writers noticed it causing considerable damage to brinjal, castor 
and tomato in a village garden at Shadipur near the estate of the Imperial 
Agricultural Research Institute. During April and May it was observed 
feeding on ok, but when it had almost exhausted this food plant it migrated 
to the neighbouring crops named above. It was thus realized that this grass- 
hopper threatened to be a potential pest of cultivated crops and therefore it 
was considered advisable to study its biology, range of food plants, etc., and 
try some methods of control. The grasshopper has been closely studied dur- 
ing the past two years and the results of the investigations are reported in the 
following pages. 

II. Distribution 

This grasshopper is known to occur throughout the plains of India except 
in Bihar, Bengal and Assam. Outside India it is found in Africa. It appears 
that this grasshopper hkes dry and hot climate. 

ITT . Food plants and nature of damage 

Poecilocerus pictus, as its popular name (aX: grasshopper) indicates, is very 
fond of ak and feeds upon every part of it, e.g., leaves, stems, pods, flowers, 
etc., often reducing the plants to naked stems, not even leaving the green 
bark behind. With a view to investigating the potentiality of this grasshopper 
as a pest of cultivated crops, experiments were carried out with numerous 
food plants available at Delhi during summer, when this insect is commonly 
met with in the field. In order to know whether the hoppers were capable of 
growing and developing on different food plants, they were confined in taU 
wire gauze cages with different kinds of leaves which were changed every 
morning. The following plants were tried : — brinjal, tomato, bhindi (Hibiscm 
escvlentm), potato, gourds, cabbage, radish, musk-melon, castor, oleander, 
maize, cotton, broad bean, hollyhock, sorghum, cowpea, pipal {Ficus 
religiosa), tobacco and sugarcane. 

Out of the plants named above, the hoppers fed readily on the leaves and 
fruits of brinjal and tomato, and on the leaves of bhindi, potato, gourds, 
cabbage, radish, musk-melons, castor, oleander and maize. They under- 
went normal moulting and became adults. The hoppers fed moderately on 
cotton, broad bean, hollyhock, sorghum and cowpea, and underwent moult- 
ing. The pipal leaves were only nibbled a little and sugarcane and tobacco 
leaves were not eaten at all. 

In the field so long as ak plants were available, the grasshopper was mostly 
confined to them. Where brinjal plants were growing in the vicinity of ak, 
the hoppers were found infesting them but to a less extent. It appears that 
this insect becomes a menace to cultivated crops if its population becomes 
very large during spring when it is still on its wild food plant, viz., ak. 
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IV. Lifbm-iistoby and besgriftion of immature stages 

The iife-liistory of P. pictm hi broad outline is as follows 

The eggs are laid in soil from June to August and sometimes even in 
8e[)tember. The winter is generally passed in the egg stage and the young 
hoppers hatch out towards the end of March or beginning of April at belhi'. 
The nymphs feed and grow during April and May and beeoiiie adults about 
the end of the latter iiiontli, after undergoing five or six moults. The males 
and females start co_pulating within one or two weeks of the final moult, and 
egg-laying and active breeding continues up to the end of September, by 
which, time the " last batch of eggs has been laid. After the middle of October 
hoppers begin to dwindle in numbers, but there are iiximerous egg iiiasses in 
the soil during winter. Only a very insignificant percentage of the eggs laid 
in summer hatch in autumn but the great majority do not hatch till the 
ensuing spring, as stated above. 

The life-history is described in detail below : — 

The two sexes can be easily distinguished. The males are smaller and 
more slender than the females. The extremity of the abdomen in the male is 
conical and turned upwards, while in the female it ends in a number of pahed 
chitinous hooks, w^hich constitute the ovipositor. 

Copulation 

The male does not start copulating immediately after it becomes adult. 
The pre-copulation period in this sex varies from five to eight days. How- 
ever, the female is ready for copulation soon after it undergoes the final moult. 
On several occasions fresh adult females w^ere given to sexually mature males 
and the copulation started almost immediately. The process of copulation 
is almost the same as in other grasshoppers. It may last from two to four, 
sometimes even six hours and in rare eavses even one day. The males as well as 
females were found to copulate several times, which may be as many as 
fifteen times within twenty to twenty -five days, and both polyandry and poly- 
gamy are quite common. There is frequent copulation both before and after 
oviposition. 

Oviposition 

The egg-laying begins from tw^enty to twenty six days after tlie emergence 
of the female as adult. The period intervening between the first copulation 
and the first egg-laying varies from fourteen to twenty days. 

The ovaries of females of different ages were dissected to note the time of 
maturity of eggs. It was found that in the case of the females ivhich had 
copulated, the eggs were mature after fifteen or sixteen days, while in the 
ovaries of the virgin females the eggs w^ere found to be fully mature after 
twenty twB to twenty four days. The pre-oviposition period in the virgin 
females was found to be twenty four to twenty seven daj^^s. Observations 
on the pre-oviposition periods and the number of ovipositions and eggs laid 
within a period of twu months of adult life have been summarized in Table I. 

. " " ■' , h2 
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Table I 

Pre-oviposition period and number of ovipositions and number of eggs laid 


Serial 

m. 

Date of attaining 
adult stage 

Date of first 
oviposition 

Pre-oviposi- 
tion period 
(days) 

Date of subsequent 
oviposition 

No. of egg 
masses 

1 laid 

No. of eggs 

1 

nth June 1938 


3rd July 1938 . 

23 

21st July 1938 . 

2 

1 Kept in soil to 
V note hatch- 

2 

13th 


5th 

23 

22nd „ 

2 

J iug 

3 

1 4th 


18 th 

(found after some 

35 

... 

1 

120 

4 

15th 


„ 

20 


1 

40 

(on the surface) 

5 

14th 


5th 

22 

12th July 1938 . 

2 

... 

6 

14th 


5th „ 

22 

... 

1 

no 

7 

12th „ 



... 

18th July 1938 . 

2 

... 

8 

14th 


5th July 1938 . 

22 


1 + 1 

108 

9 

14th 


5th 

22 

12th July 1938 . 

2 


10 

17th „ 


8th 

22 

24th 

1 + 1 

108 

11 

16th „ 


5th 

20 


1 

77 

12 

16th 


7th 

22 


1 


13 

18th „ 


14th 

27 


1 


14 

19th „ 


13th 

25 


1 


16 

19th „ 


14th 

26 


1 


16 

19th „ 


21st 

33 


1 


17 

15th 


6th 

22 


1 


18 

15th 


8th 

24 


1 

133 


16th 


9th 

25 


1 

120 

20 

17th 


6th 

20—21 


1 

117 

21 

17th 


8th 

22 


1 

105 

22 

16th 


7th Hov. 1938 . 

22 


1 


23 

16th 


5th July 1938 . 

20 


1 

65 

24 

17th 


6th 

20 

22nd July 1938 . 

2 

105 

26 

17th 


17th 

31 


1 

98 

(on wood) 

26 

15th „ 


8th 

24 

26th July 1938 . 

2 

... 

27 : 

14th 


5th 

22 

21st „ 

2 

... 

28 

nth 


4th 

24 

13th 

3 

... 






28th „ 


... 




Average . ! 

23 


1-4 

116 




Virgin females. 



33 r 4 

1 

17th June 1938 


12th July 1938 . 

26 

... 

1 

2 

17th 


10th 

24 

13th July 1938 , 

2 

... 

3 . 

17th 


nth 

25 

... 

1 

102 

4 

29th „ 

. 

22nd „ 

24 


1 


5 

10th 


17th 

29 


1 


6 

17th 

, 




1 

140 




Average . 

25 days 

... 

... 
















PLATE XXIX 


Figs. 1 & 2. 


Fig. 3. 

Fig. 3a; 

Fig. 4. ;■ 

Fig. 5. 

Fig. 6. 

Figs. 7—12; 


Fig. 13. , 
Fig. 14. 
Fig. 16. 
Fig. 16. 


PoecUocems jdctm, females, ia the process of egg laying. Note that the abdomen has 
been extended upto the length of about 6 in. (Fig. 1). In Pig. 2. the abdomen is being 

retracted after eggs have been laid, (xj) , 

Freshly laid egg ( x2|), with a part of the chorion highly magnified 
The egg about to hatch ( x2J), with a part of the chorion highly magnified 
Freshly hatched young hoppers. Natural size 
Young ‘larva’ ( X 2|) 

1st instar nymph ( x2-|) 

Antenna and compound eye of the I — VI instar nymphs 
:■ - , I . XlO., ^ 

ii-iii x8 , 

' " IV x5 V;.. 

r;'' . V— VI xi "''"“t 

Lateral view of thorax of the 1st instar nymph (XlO) 

Lateral view of thorax of the 3rd instar nymph (x 8) 

Lateral view of thorax of the 5th instar nymph ( x5) 

Sixth instar nymph ( X li) 
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Tke eggvS are laid in tlie soil about) 5-6 in. below tlie surface. Generally 
the soil which is selected for this purpose is of loose texture, hence more easily 
penetrable. The gravid females have inflated abdomens. Wlieii ready for 
female trails its abdomen on the ground searching for a suitable 
spot by scratching the surface of the soil with its ovipositor. When such a 
spot has been found it starts making an egg chamber with the help of the 
anterior and dorsal valves of the ovipositor. The valves act like the prongs 
of a forceps. The egg-laying process has been studied in the laboratory in a 
large glass cage (1-5 ft. X 1 ft. x 1 ft.) \vhich was half filled with soil. The 
top of the soil was covered with a thick card board leaving the soil uncovered 
near the sides only. The female w^as thus forced to bore holes in close proxi- 
mity to the glass sides and thus the whole process could be easily watched. 
During the course of boring, the extremity of the abdomen rotates through 
an angle of ISC', pressing and making compact all sides of the burrow. The 
formation of the egg chamber takes from one to two hours. The chambers 
are generally 6-6|- in. deep. Though the abdomen is only 1*4 in. long in 
the normal position, it can be extended to reach the depth of chamber with 
the help of the elastic intersegmental membranes (Plate XXIX, fig. 1). In 
many cases the female makes several chambers and discards them without lay- 
ing any eggs therein probably because of the unsuitable texture or moisture 
content of the soil. Sometimes the female turns its abdomen in a zigzag 
fashion if it meets with any obstacle inside the egg chamber. Before tlie 
eggs are actually laid the female exudes a fluid which is worked up into a frothy 
mass by the quick motions of the ovipositor valves and is deposited at the 
bottom of the egg chamber about 2 in, thick on -which the eggs are laid one 
by on© in a spiral manner so as to form a compact mass (Plate XXIX, 
fig. 2). The female gradually retracts its abdomen as the chamber gets filled 
up with eggs. When all the eggs have been laid, the vacant space in the 
chamber is filled with froth up to the top. The whole process takes about 
two to six and a half hours. 

The female looks somewhat sluggish for a short time after oviposition. 
Generally one or two and sometimes three egg masses were laid by a single 
female during its life time under laboratory conditions. The unfertilized females 
generally laid one egg mass only. The number of eggs in a mass varied bet- 
ween 60 and 140, the average being about 116. It is likely that more than twH 
egg masses are laid in nature. 

The egg (Plate XXIX, fig. 3) is elongated, curved, almost cylindrical, thick 
in the middle and tapering towards the ends, which are bluntly rounded. 
When freshly laid, the egg is yellow but soon turns brown. The micropyle 
is darker in colour and can be easily demarked. When mature, the egg 
grows in thickness (Plate XXIX, fig. 3 a). There are tw^o egg coverings, the 
chorion and the vitelline membrane. The former is sculptured and in a mature 
egg can be peeled ofi' easily by scratching. The vitelline membrane is yellow, 
smooth but tough and cannot be pierced when pressed with an ordinary needle. 
When the egg is about to hatch, the J^oung one inside can be seen through the 
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egg skill, moTing its abdomen and striped hind femora. Just prior to hatch- 
ing some black spots make their appearance on the surface of the chorion 
near the operculum. From these spots some transparent liquid oozes out, 
and it is at these spots that the membranes rupture and the ^ vermiform 
larva ^ hatches out. Its head and antennae (Plate XXIX, fig. 5) are bent 
downwards and the legs are folded. These larv^ ’’ make their way up 
through the dry froth by wriggling motions of their bodies and emerge out of 
the burrow in large numbers and present a very interesting appearance 
(Plate XXIX, fig. 4). The emergence of all the 'larvae ’ from a single egg 
mass takes about ten minutes. Soon after reaching the surface of the soil, the 
' larvae ’ start the process of casting their covers, known as the intermediate 
moult. Just before this moulting, the cervical ampulla gets inflated and pre- 
sents a two-knobbed swelling. By the alternate swelling and contraction of 
this ampulla the thin white skin is ruptured dorsally in the thoracic region and 
eventually the young nymph crawls out. The process of the intermediate 
moulting is completed within two to four minutes. Some previous authors 
have not considered this moult to be true one, but we, like Uvarov [1928], 
do not find any important difference between this and the subsequent 
moults. 

The newly emerged nymphs are negatively geotropic, always trying to 
move upwards and ascending on any piece of stick or twig. They move in a 
mass towards the source of light and sit in clusters on any standing twig with 
their heads pointing upward (Plate XXIX, fig. 4). The nymphs begin to feed 
about twenty four hours after their emergence. 

There are usually six nymphal moults before the individual reaches the 
adult stage. Sometimes there are five moults only. The duration of the various 
instars is variable. On an average (200 observations) they are as foUow^s 
dming summer : — 

1st instar . . . . . . . . . 9*7 days. 

2nd 7*8 „ 

3rd 7-8 „ 

4tii ,, . . . . . . . . . 8*5,, 


The total nymphal life lasts for fifty to fifty-six days during summer. 
In the case of those few eggs which hatch in autumn, the nymphal period 
is very long. Only a few of these nymphs become adults in November 
while the great majority of them over-winter and become adults in the 
following April after a nymphal life lasting seven or eight months. 

Dijferent Nymphal stages 

First stage nymph . — The freshly emerged nymphs (Plate XXIX, fig. 6) 
are orange coloured, with white and faint blackish stripes. After the lapse 
of one day the blackish patterns become dark and the hoppers look 
yellowish grey in general appearance. They measure 9-12 mm. in length 
and about 2*5 mm. in breadth (in the region of the thorax). The 
pronotum is about 1*8 mm. long and the antenna about 2*25 mm. 
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PLATE XX 









: PLATE XXX:- - 

Fig. 1-— 4 Posterior abdominal segments of the male nymphs of 1st, 3rd, 5th, and 6th instars 

respectively ; ventral view ; X 10 

Fig. 5 Posterior abdominal segments of the male adult grasshopper ; ventral view ; X 10 

Fig. 6 The same in lateral view ; x7 

Figs. 7—12 Posterior abdominal segments of the female nymphs of 1st to 6th instars respec- 
tively ; ventral view ; X 10 

Figs. 13 — 14 Posterior abdominal segments of the adult female grasshopper ; lateral and 
ventral views respectively ; X 7 

LEGEXD TO LETTERING 

ajp — anal plate ; c — cerci ,* dorsal valves of the evipositor ; eg — egg guide ; iv — dinner 

valves of the ovipositor; 'pd — podical plates; sgp — subgenital plate of the male; vv — ventral 
valves of the ovipositor; VII- VIII — seventh and eighth abdominal segments. 
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The head is conical and sloping in the front view. It projects forward 
between the compound eyes and forms a triangular area known as the fasti- 
gium. The margins of the fastigium are slightly raised. The eyes are oval, 
black and devoid of any stripe. The frons is traversed by a deeply sulcata 
frontal ridge, running from the tip of the fastigium up to the clypeus. The 
margins of the ridge— the frontal carina — are whitish in colour, and are border- 
ed on each side by two yellow or orange patches. 

The antennse (Plate XXIX, fig. 7) are deep purple and are invariably 
eightsegmented. The first or the basal Joint is cylindrical and the second is 
small and globular. The third to seventh segments are almost siibequal. 
The eighth segment is very long and is equal in length to the three preceding 
segments taken together. 

The pronotum is saddle shaped and has a very feeble medial carina. There 
are five yeUow patches on each lateral lobe, the arrangement of which is con- 
stant as shown in the figure (Plate XXIX, fig. 13). The prosternum bears a 
very acute compressed aciculate tubercle, which is situated between the two 
coxae. The mesonotum is a small narrow sclerite partly hidden below the 
pronotum. The metanotum resembles mesonotum except that it is broader 
than the latter. The metapleurse have each a long oblique orange patch, in 
front of which are the small, almost circular spiracles {sp.) wMch are exter- 
nally provided with two-lobed valves. The first pair of spiracles remain 
hidden under the pronotum. 

The first and second pair of legs are small and have black and white mark- 
ings all over. The third pan* is stout. The upper and lower ridges of the hind 
femora are traversed with eight to nine and five to six black dots respectively. 
The hind tarsi are three - jointed, the terminal joint being provided with a pair 
of claws and a median pad, the arolium. 

The abdomen is almost cylmdrical. It has a mid-dorsal stripe of white 
spots interrupted with black markings. On each side of this stripe there is 
a lateral interrupted stripe of orange spots. Ventrally the abdomen is silver 
grey, with black lines interspersed all over. In both sexes ten terga are dis- 
tinct, the last two bemg partially fused. The eleventh tergum and the supra- 
anal plate are fused into one piece at the sides of which and sUghtly lower in 
level are the two small cerci, the appendages of the eleventh abdommal segment. 
The number of apparent sterna in the two sexes are different. In the male 
there are ten sterna including the first one which is fused with the sternum of 
the meta thorax. The ninth sternum is large, slightly depressed ventrally 
and deeply notched at the posterior margin ; this is the rudiment of the sub- 
genital plate (Plate XXX, fig. 1, sgp). Above this plate there is a pair of trian- 
gular outgrowths known as the podical plates {pd). In the female also ten 
sterna are visible, the ninth being cleft into two triangular pieces, which are the 
rudiments of the dorsal valves of the ovipositor (Plate XXX, fig. 6, dv). Lying 
above the pieces there is a pair of triangular po^cal plates {pd) as in the male. 
At the posterior margin of the eighth sternum there is a very tiny pah of prot- 
ruberances wMch are the rudiments of the ventral valves of the ovipositor (w| 


636 


THB INDIAN JOUBNAL OF AGBICULTUEAL SCIENCE [IX, IV 



It is not easy to distinguish sexes at this stage as the rudimentary sub- 
genital plate of the male which is notched at the posterior margin, and the 
ninth sternum of the female which is cleft into two parts, looks very much 
like. But the presence of the rudimentary ventral valves of the ovipositor, 
resent at the posterior margin of the eighth sternum, distinguishes the 
einale from the male (Plate XXX, o/. figs. 1 and 7). 

Second stage nymph . — ^The second stage nymph resembles in general 
appearance and colour the first stage nymph, but is bigger in size, measui’ing 
10-13-5 mm. in length and 2-5 mm. across the pronotum. The antennae are 
3-0 mm. long and are usually nine-jointed (Plate XXIX, fig. 8), the sixth joint 
of the first stage having divided into two. Sometimes the antennae consist of 
eight segments only. On the distal margin of the third to sixth joints there 
are tw^o small white spots which are totally absent in the first stage. The 
dark compound eyes develop each a transverse whitish stripe. 

There is no indication of the wing pads in this stage but the posterior 
angles of the meso and meta-nota become somewhat extended outwards 
getting thinner and slightly dark in colour. 

There is no change in the abdomen except in the appearance of some new 
yellow patches, the broadening of the black patterns, and the further develop- 
ment of the external genitalia. 

The ninth sternum or the subgenital plate of the male grows in size and 
the notch begins to flatten out. In the females the ventral valves and dorsal 
valves of the ovipositor grow longer and gradually extend backwards and 
cover part of the ninth segment and anterior half of the podical plates res- 
pectively (Plate XXX, fig. 8). 

In this stage spiracles are visible on the lateral folds of the first eight 
abdominal segments, the first pair of spiracle beiug near the tympanum. 

Third stage nymph . — ^The general colour of the body becomes deeper in 
this stage. The median yellow spots on the dorsal side of the abdomen turn 
orange in colour. The length of the body is 15-17 mm. 

The antenna (Plate XXIX, fig. 9) in this stage are about 4 mm. long and 
are ten or eleven jointed, the fifth joint and sometimes sixth as well of the pre- 
vious stage having each been divided into two segments. The tenth or the 
last segment is dull purple in the basal half and light purple in the distal re- 
gion, and can therefore be mistaken for two joints. 

The pronotum measures 2-7 mm. The meso and meta-nota develop 
distinct, thin triangular outgrowths at their postero-lateral angles. These 
outgrowths are the rudiments of the future wings (Plate XXIX, fig. 14, wp.). 

The subgenital plate of the male completely loses its notched appearance 
and becomes rounded at the posterior margin (Plate XXX, fig. 2). In the 
female the eighth segment develops a crescent shaped fold [eg) directed inwards 
near the bases of the ventral valves which now cover the base of the dorsal 
valves. This fold is the rudiment of the egg guide which becomes distinct in 
the fifth stage. A small transverse pad-Me growth {iv) appears in this stage 
also between the bases of the dorsal valves (Plate fig. 9), 
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Fourth stage nymph , — The general colouration becomes still deeper in 
.this. stage. The. body measures 20-24 mm. long and 3-4 mm. broad. The 
eyes are light brown near the lateral carina o.f the front, and their transverse 
stripes become broader than in the previous instar. There are ti elve to 
fourteen Joints in the antennae which are now 5*6 mm. long (Plate XXIX, .fig. 
10). The third and fourth segments show an inco.mplete division, while the 
fifth segmen.t of the previous instar has divided into two segments. 

The pronotiim measures 3*2 m.m. in length. The post ero -lateral angles 
of the ineso-notum and iiieta-notum grow- thin and dark and acquire oblique 
folds and thus form the rudiments of wing pads (Plate XXIX, fig. 15). Fur- 
ther, in some nymphs towards the end of this stage the wdng pads begin to 
tuim upw^ards, and the mesonotal pair comes to lie below the metanotal pair. 
How^ever, in great majority of the nymphs the wing pads turn in the fifth 
stage. 

In the male, the siibgenital plate becomes conical and spatiila-like in 
appearance. The podical plates get gradually pushed up and become com- 
pressed due to the development of the subgenital plate. In the female (Plate 
XXX, fig. 10) the ventral valves extend further backw^arcls and their posterior 
ends become narrow^ and pointed. The dorsal valves also grow bigger, the 
transverse pad at their base develops a longitudinal fissure resulting in two 
minute appendages {iv), wdiich are the rudiments of the inner pair of valves 
of the ovipositor. 

Fifth stage nymph , — The general colouration of the body develops a shin- 
ing yellow tinge in the places w^here there were yellow and wdiite patches in 
the previous stages. The orange coloured spots grow deeper in tinge. The 
size of the hopper increases, being about 25-27 mm. in length and 4« 5-5 min. in 
breadth. The anteniije (Plate XXIX, fig. 11) are fifteen- jointed and measui’e 
7-8 mm. The third to tenth segments are laterally compressed and rhomboid 
in cross section ; those from eleven to fifteen are more or less cylindricaL 

The anterior margin of the pronotum remains straight as in the previous 
stages but the posterior margin becomes convex at the middle. The wdng 
pads get upturned in this stage, if they had not done so in the previous stage, 
and develop numerous unbranched veins. In the male, the subgenital plate 
reaches the supra anal plate (Plate XXX, fig. 3). In the female the ventral 
valves grow thicker and extend very much bacWards, reaching the middle 
of the dorsal valves. The latter also grow and extend up to the tips of the 
podical plates. The egg guide {eg) is bigger and distinct (Plate XXX, fig. 11). 

Sixth stage nymph . — The freshly moulted nymph of this stage (Plate XXIX, 
fig. 16) is lemon yellow in general colour with black markings. All the white 
patches of the previous stage become yellow’’ and the black patches grow 
deeper in tinge. It measures about 35-43 mm. in length and 7*5 mm. in 
breadth. The description of this instar relates to those specimens which turn 
their w^ing pads in the fifth instar. It is noteworthy that the upturned state 
of wing-pads last in every case for two stages onty, that is to say, the 
nymphs which turn their wings in the fourth stage become adult at the end of 
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tlie fifth stage after undergoing five moults only, and those which turn their 
wing-pads in the fifth stage become adult at the end of the sixth stage. 
The latter condition is more common than the former. 

In this stage the eyes turn slightly bluish in colour and their transverse 
stripes disappear altogether. The antennse measure 11-13*5 mm. and have 
fifteen or. sixteen joints. The posterior margin of the pronotum grows back- 
wards and covers the bases of the wing-pads, which in this stage are larger, 
thicker and dark blue in colour. 

In the. male, the subgenital plate becomes a conical, pouch-like organ into 
which the sedeagus is lodged. This plate extends beyond. the extremities of 
the podical plates, hiding them from the ventral view, the margins of the supra 
anal plate being only visible (Plate XXX, fig. 4). In the female, the egg 
guide becomes fully developed and remains pushed in between the two ventral 
valves. The dorsal valves grow very thick and extend far beyond the podical 
plates. They develop a lateral fold externally. The ventral valves develop 
a transverse fold in the basal region and a vertical fold in each of the lateral 
lobes and thus appear to be made of several pieces (Plate XXX, fig. 11). 

Just before the nymph is about to moult finally for attaining the adult 
stage its colour and different parts of the body undergo very well marked 
changes which can be easily, made out through the old skin. All the black 
patterns on the body begin to turn bluish and all the orange and yellow spots 
fade away and instead continuous yellow patches on the blue background 
begin to appear. The basal region of the antennae and the frontal ridge be- 
come bluish. The anterior half of the pronotum gets constricted, whereas the 
posterior half becomes broadened and blue in colour. The second pair of 
wing -pads begin to show a reddish tinge. 

The ventral and dorsal valves of the ovipositor become highly chitinous. 
The tips of the latter curve upwards and their upper surface becomes broadly 
dentate. Each ventral valve develops a lateral tooth -like process in posterior 
region and a number of minute spines in the basal region. The lateral lobes 
of the . ventral valves become very large and appear as distinct sclerities (Plate 
^XXX, figs. 12 and 12-A.). 

' The final moult . — The process of final moulting is very interesting . The 
hopper, when about to moult, stops feeding and rests on a twig. It begins, to 
■ (jontf act ahd_ expand the anterior region of its body. The head is moved 
forwards and backwards and the pronotum is moved up aiid down by contrac- 
tion of the cervical ampulla, causing the rupture of the skin along the medial 
Tine above the pronotum. This fissure gradually increases extending from 
theffastigium up to the wing-pads. The head and thorax begin to be gradually 
drawn out of the skin through the slit. The upturned wing-pads become hori- 
zontal in position and are drawn out of their sacs. The first and second pair 
of legs are then: gradually dra^vn out. The thhd pair of leg is the last to come 
out. The cast skin is gradually left behind as the adult grasshopper draws 

of moulting the hopper breaths hard and 
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keeps on expanding and contracting its body, Jnst after the moult the fore- 
wings are only partly expanded and the hind pair is folded like a fan. Gradual- 
ly the wings are fluttered and raised vertically and -within ti¥enty to tw^enty- 
five minutes . the elytra (fore wrings) become fully expanded and develop 
bluish green colour with yellow^ veins and reticulations. The hind wings are 
hyaline 'to begin with but gradually develop a pink colour at the apex, wdiich 
ultimately deepens into a red rosy colour. The insect then rests on the twig 
generally facing sunlight. A few minutes after, it starts feeding. ■ 

V, CONTBOL MEASUBES 
Sprays 

With a view to finding out some suitable insecticide for controlling this 
pest a number of stomach poisons w^ere tried in the forni of sprays, dusts and 
poison baits. Lead arsenate which is commonly used for such insects w^as 
not found eflective either in the field or in the laboratory wiieii sprayed at the 
usual concentration of 2 lbs. per 100 gallons of water. It did not kill any 
hoppers wdthiii ten to thirteen days. Between thirteen and sixteen days the 
mortality was 25 to 40 per cent. The hoppers were kept under observation in 
this and the following experiments for about sixteen days only because it was 
considered that if the poison would not kill the hop|)ers witliin a fortnight it 
would not have any practical lltilit 3 ^ 

In the control cage all hoppers were found living beyond sixteen days. 
The lead arseiiite spray wes prepared hj dissolving o lbs. of stone-lime in 100 
gallons of wuter to wdiich 2 lbs. of pow^dered lead arsenate and 10 lbs. of 
gur were added and the wLole mixture shaken thoroughly. 

Sodium arsenite . — Sodium arsenite, wdiich is a poison soluble in water, 
w^as found more effective. It w^as sprajred in laboratory cages at the rates of 
2 lbs., 1 lb., and | lb. per 100 gallons of \vater. With the dose of 2 lbs., 96 
per cent of the hoppers were killed in eleven days, death starting within two 
days of feeding, and the average longevity period being six days. This dose 
was however found to be injurious to the spraj^ed plants and hoppers did not 
feed readily on them. With the dose of 1 lb., the mortality w^as 100 per cent 
in thirteen daj^s, the death starting within three days of feeding and the average 
life being 8*5 days. This dose also proved harmful to the leaves and the 
hoppers did not feed well on the sprayed food. With the dose of | lb. per 
100 gallons, the leaves w’^ere not at all injured, but the rate of mortality was 
rather slow, being 00 per cent in t'vventy days, death starting within five days 
of feeding, and the average life being thirteen days. The hoppers fed moder- 
ately on the treated food. In the control cages all hoppers were alive after 
twenty days. 

The above doses w^ere repeated in the field on brinjal, castor, jowar, 
cucurbits, etc. The doses of 2 lbs. and 1 lb. per 100 gaUons proved injurious 
to the leaves which moreover became unpalatable to the hoppers. The latter 
were present on the sprayed plants in less numbers on the next day. 
On the third or fourth day the treated plants were entirely devoid of hoppers 
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but a search for the dead ones did not reveal any carcases. With a dose 
of J lb per 100 gallons, there was no leaf injury. The hoppers were found 
feeding on the treated plants for a few days but gradually declined in numbers. 
However, the dead hoppers could not be traced easily, only one or two stray 
dead specimens being found under the plants here and there. 

The sodium arsenite spray was prepared by dissolving 5 lbs. of lime and 
Ij lbs. of gur in 100 gallons of water and adding 2 lbs. of the poison. The 
spray was diluted twice or four times respectively when one lb. or | lb. doses 
were tried. . 

Calcium arsenite , — Calcium arsenite being insoluble in water does not 
affect the leaf tissue like sodium arsenite. It was used at the strengths of 
2 lbs. and 1 lb. per 100 gallons of water. Both the strengths proved harmless 
to the leaves of Calotropis, cotton and oleander. 

With a dose of 2 lbs., 95 per cent of the hoppers, feeding daily on the 
poisoned food, died in seven days in the laboratory cages, death starting 
within three days of spraying and the average life being five days. 
The hoppers however did not feed well on the sprayed food. Under 
field conditions 60 per cent of the hoppers feeding on the sprayed 
plants died within nine days, death starting within four days of feeding 
and the average life being 5*5 days. These hoppers had been allowed to 
remain on the sprayed plants in the field for thirty-six hours and then removed 
and put in the laboratory cages containing untreated food. The hoppers in 
the laboratory experiments were fed on sprayed food every day. 

With a dose of 1 lb., the kill was 90 per cent in six days in the laboratory ^ 
the death starting within three days of feeding and the average life being 
four days. 

Oleander plants were sprayed in the field with the above doses. The 
results were quite encouraging. The hoppers which had fed for forty hours 
on the sprayed plants, were removed and caged with sprayed food and about 
90 per cent of them died in five days. 

Dusting experiments 

Sodium arsenite, — Calotropis and castor plants were dusted in the field 
with sodium arsenite mixed with lime in the proportion 1 ; 4. The hoppers 
were collected after twenty-four hours of dusting and caged. From the treated 
plants only 33 per cent of hoppers died in six days, and the rest continued 
to live beyond sixteen days. They started dying on the fourth day after 
dusting. The leaves of Calotropis seemed more or less unaffected but those 
of castor plant showed a scorching effect. 

Calcium arsenite , — Calcium arsenite dusted in the same proportion showed 
slightly better results. The leaves were not injured, and about 50 per cent 
of hoppers died in five days. The remaining lived beyond sixteen days. 

Paris green , — ^Paris green was mixed with fine wood ashes in the propor- 
tion of 1 : 8 and 1 : 16, and dusted over the Calotropis and oleander plants. 
Hoppers were allowed to feed for twenty-four hours on the dusted plant. 
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WitJi a dose of 1 : 8, 60 per cent of the hoppers died in ten days, the remaining 
livmg beyond sixteen days. Hoppers started dying on the third day after 
dusting. 

Sodinm flnosilicate and lime in the proportion of 1 : 4 were similarly 
dusted on brinjal plants but very few hoppers were killed. 


Sodium fluosilicate. — ^This bait was prepared in the usual way. One lb. 
of finely powdered sodium flnosilicate was mixed thoroughly with 20 lbs. of 
wheat bran ; 1 lb. of gur or 1 pint of molasses ivas dissolved in a small cjiian-” 
tity of water and added to the bran mixture so as to make it into a crumbly 
mass. Some amyl acetate was added to give the bait a good snieli of ripe 
banana fruits. The bait was scattered in the hopper-infested field but did 
not prove effective. The hoppers, which, as aheady described, seldom, leave the 
plant and come down on the soil, did not take to tlie bait scatte^‘ed on the 
ground. The lioppers kept in cages i,ii the laboratorv a].so did not feed on the 
bait. 

Conclusion 

Experiments described above show that the spraying of infested plants 
with calcium or sodium arsenite at the rate of 1 lb. and lb. per 100 gallons 
of water respectively seems to be the most satisfactory method of control. 

VI. Summary 

The grasshopper Poecilocerus 'pictus has been known to feed mostly on 
ah plant {Calotropis sp.), which is hardly of any economic value, but in the 
summer of 1937 it was found attacking brinjal and castor in a village garden 
near the estate of the Imperial Agricultural Research Institute. 

Numerous food plants of economic value were tested in 1937 and 1938 
to determine the potentialities of this new pest of cultivated crops. It is found 
that this grasshopper readily feeds on brinjal (leaves and fruits), tomato, 
castor, bhindi, oleandar, etc. 

The sea^onal-and life-histories and general bionomics of the grasshopper 
have been studied. The hoppers undergo five or six moults before becoming 
adult. The various instars have been described. 

Several stomach poisons have been tested as sprays, dusts and baits. 
Spraying with sodium arsenite at the rate of half pound per 100 gallons of 
water has proved to be the most satisfactory method of control. Sodium 
fluosilicate bait, which is usually effective against surface grasshoppers, has 
not been found satisfactory due to the peculiar habits of the grasshopper. 
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Ikteodtjction 

Dtjeikg the course of the analysis of sewage and effluents from the 
Activated Sludge Plant, Central Farm, Coimbatore, considerable difficulty 
was experienced in the determination of nitrates, especially in presence of 
large amounts of nitrites and soluble organic matter. The phenoldisulphonic 
acid method of determining nitrates in waters is the one most used and has 
been found reliable and quick, but owing to the presence of appreciable 
amounts of nitrites in the effluents, it was considered necessary to oxidise 
the nitrites beforehand either by potassium permanganate (KMn 04 ) or by 
hydrogen peroxide (H 2 O 2 ) as recommended in the standard methods [1925] 
of water analysis. In certain iireliminary experiments where potassium 
permanganate was used as the oxidising agent considerable loss of nitrate 
was found to occur ranging from 35 to 90 per cent. This was rather sur- 
prising and a detailed study of the method was made to find out the causes of 
such loss. 

Expeeimentai, 

Experiment 1. 

To trace the defects, if any, in the technique and procedure adopted for 
the determination of nitrates an experiment was conducted using dilute 
potassium permanganate for the oxidation of the effluents under different 
conditions and treatments. 

Treatment. — (1) Neutralisation of the clarified effluent with dilute sul- 
phuric acid (NflO) before adding neutral potassium permanganate and removal 
of the chlorides by silver sulphate; 
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(2) Oxidation of the clarified sample with acid potassium permanganate 
till the pink colour persisted, followed by neutralisation with NjlO sulphuric 
acid and removal of chlorides by silver sulphate ; 

(3) Addition of neutral potassium permanganate to the raw sample before 
neutrahsation, clarification and removal of chlorides ; 

(4) Oxidation of the raw sample with acid potassium permanganate and 
determination of the total nitrates by Harper’s method [1924]. 

The above experiment under each treatment was carried out in duplicate 
avoiding excess of silver sulphate in all the eases and the results obtained are 
recorded in Table I. It is surprising to note from the table that in all the 
treatments, the total nitrate values obtained are quite erratic and are far 
below the actual nitrites present in the samples. 


Table I 

Nitrite — N and total N (nitrite and nitrate) in the samples under different treat- 
ments 



! 

Average of two estimations 


Treatment 


Total N 

Decrease of 

Per cent 

No. ' 

Nitrite — ^N 

(NOs-fNOa) 

total N 

decrease 


(parts per 

after oxidation 

over nitrite 

of total N 


100,000) 

(parts per 

N (parts per 

over 



100,000) 

100,000) 

nitrite — ^N 

1 

0*150 

Sample I 

0*010 

0-140 

93*33 

2 

0-150 

0*008 

0*142 

94*66 

3 

0-160 

0-015 

0*135 

90*00 

4 

0-160 

0-026 

i 0*124 

,, S2*6fr 

1 

0-0187 

Sample II 
0*0090 

0*0097 

51*87 

2. 

0-0187 

0*0072 

0*0115 

61*50 

3 

0-0187 

0*0120 

0*0067 1 

'.■35*83' 

4 

0-0187 

0*0110 

0*0077 

41*18 
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Experiment 2. 

To coiifiim furthci tbo ixTApplica.bDifcy of pofcfissiuni poriBaiiganfitCy nciitrul 
or acidic, for the oxidation of small amounts of nitrites present in waters, 
the following experiment with pure sodium nitrite solutions was carried out. 

Treatment— (1) Ten c. c. of sodium nitrite solution (0*05 mg. N) made 
up to 50 c. c. and then dilute neutral potassium permanganate added at the 
laboratory temperature (27— 28“C.) till the pink colour persisted and nitrate 
deteimined as usual after evaporation to dryness ; 

(2) Ten c. c. of dilute (sodium nitrite 0-05 mg. N) solution treated %vith 
neutral potassium permanganate at 50 -C. and nitrate estimated as in (1) ; 

(3) Same as (2) but for the addition of potassium permanganate at 100°C ; 

(4) Ten c. c. of dilute sodium nitrite (0.05 mg. N) solution treated with 
acidified potassium permanganate at the laboratory temperature (27 — 28“C.) 
and nitrate estimated as in (1) ; 

(5) As in (4) but for the oxidation of the nitrite by acid potassium per- 
manganate at 50°C ; 

(6) Similar to (4) but for the oxidation of the nitrite at lOO^C. 

The experiment was duplicated for all treatments and the averagere suits 
obtained in each case are recorded in Table 11. 

Table II 


Treatment 

No. 


Nitrite — ^N 
added 

(mg-) 

Nitrite — ^N 
recovered as 
nitrate — ^N after 
oxidation with 
K!Mn 04 , average 
of two estima- 
tions 

' 

Per cent recovery 
of nitrite^ — ^N 
as nitrate — ^N 

0*05 

0-0225 

45-00 


0-0247 

49-40 

99 

0-0252 

50-04 

99 

trace 

nil 

99 

99 

99 

i »> 

1 

99 

” 
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i 

1 The results show that the recovery of the added nitrogen varies from 

i 45 to 50 per cent where neutral potassium permanganate was employed for 

I oxidation, irrespective of temperature considerations, and practically nothing 

i .in cases where acidified potassium permanganate was used. 

I Experiment 3 

I As an alternative to the potassium permanganate oxidation, hydrogen 

peroxide (Merck’s) containing twelve volumes of oxygen was tried with varying 
I quantities of sodium nitrite (A. R.) solution, 1 c. c. of which is equivalent 

to O’ 005 mg. N before proceeding to sewage proper. The nitrite solutions 
were diluted to 50 c. c. each and treated with 5 c. c. of hydrogen peroxide 
' added in small quantities of O’ 5 c. c. followed by repeated boiling. A control 

i was also run with hydrogen peroxide to make allowance for any nitrate that 

! might be present in it. The results recorded in Table III show that practi- 

caUy all the added nitrites have been recovered. The hydrogen peroxide 
' was tested and found free from nitrate. 


Table III 


Nitrite — N added and the nitrate — N recovered after oxidation with 


No. of dilutions 

Nitrite — N 
added 
(mg.) 

Nitrate— N 
after oxidation 
with H 2 O 2 , 
average of two 
estimations 
(mg.) 

Per cent recovery 
of the nitrite — N 
as nitrate — ^N 
after oxidation 
with H 2 O 2 

1 . . . . 

0-025 

0*0246 

98-4 

2 . . 

0*040 

0*0398 

99-6 

3 . , . . 

0*050 

0*0493 

98-6 

4 . . . . 

0*075 

0*0752 I 

100-27 


Experiment 4 

The method was next extended to sewage proper adopting the following 
treatments and the results compared with those obtained by Harper’s [1924] 
method. 

Treatment. — (1) Oxidation of the clarified effluent after neutralisation 
and removal of chlorides, with successive additions of hydrogen peroxide in 
small lots of 0’5 c. c. each (the total quantity of hydrogen peroxide may 
vary from 2 to 5 c. c.) followed by repeated boiling ; 

(2) Same as (1) without clarification ; 

(3) Determination of nitrates in the sample according to Harper’s [1924] 
method. 
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in aT ^ quantity of hydrogen peroxide and nitrite 

meach c^e deteT^mined m a separate aliquot of the filtrate. The results 
lecorded m Table IV for the total nitrates after oxidation are quite promis- 

Irf’f pota.s.sium pennanganate method, 

greyer than the actual nitetes m the sample. The free nitrates estimated by 
Harper s [19..4] method m the onginal sample were, however, far below tho&4 

obtained by the oxidation method even after making allowance for the nitrite 

I It tiie sample. 

Table IV 

Nitrate — N in the effluent, obtained by the oxidation process and Harper's 

method 


Treatment 

Nitrate — N, 
average of 4 
estimations 
(parte per 
100,000) 

•! Nitrate — ^N 

total, after 
oxidation with 
H 2 O 2 , average of 

4 detemiinatioBS 
(parte per 
100,000) 

j Free nitrate — N 
j in the sample by 

1 difference 

1 (parts per 

1 100,000) 

1 . 

0-038 

0*252 

! 

0-214 

2 , . . 

0-038 

0*253 

0-216 

3 Direct determination 
of Nitrate — by 
Harper’s method . 



0-123 


Experiment 5 

In this experiment a knowm amount of nitrate (O' 05 mg. of nitrite— N) 
was added to a definite volume of effluent from the Sludge plant after clari- 
fication and removal of chlorides. The recoverj^ of the nitrite nitrogen added 
was effected almost completely as nitrate nitrogen after oxidation with 
hydrogen peroxide free from nitrate. A control w'as also run with the effluent 
under identical conditions to make allowance for the nitrite and nitrate 
nitrogen present therein. As the sample in question was of very low nitrite 
content, less than one part per million, nitrates were also estimated directly 
both in the control and the sample to wliich known amounts of nitrite w^ere 
added according to the standard method [1925] without preliminary oxidation. 
From the results of the experiment recorded in Table V, it is clear that the 
nitrate nitrogen obtained without oxidation is very much below that of the 
oxidised sample, even after deducting the little nitrite nitrogen present therein. 
It would appear therefore from this experiment that the oxidation of the 
clarified effluents by hydrogen peroxide is quite essential even when the 
pitrites present therein are very low, 
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Table V 


Nitrate recovery in effluent by the oxidation and direct processes 


i Sample 

i 

Nitrate— IT 
added 
(mg.) 

1 

Nitrite— N 
in the 
sample 
(mg.) 

Total N 
after 
oxidation, 
average 
of four 
estima- 
tions 
<mg.) 

Nitrate — N 
oxidation 
method 
(mg.i 

Nitrate— N 
toy the 
direct 
method, 
average 
of four esti- 
mations 
(mg.) 

Per cent 
loss of 
nitrate— N, 
direct 
method 
over the 
oxidation 
procedure 

1 , 

Effluent alone 

mi 

0-0076 

0-0325 

0*0249 

0*0125 

—50*20 

1 ; Effluent -l-sodium nitrate 

0*05 

0-0076 

0-0820 

0-0744 

0-0293 

—39-39 

1 itecovery of added N by the 

1 direct and oxidation 

1 methods by difference • 

... 



0*0495 

0-0168 

... 


The following procedure may be finally recommended for estimation of 
nitrates in polluted and other waters. 



One hundred to two hundred c. c. of effluent or water are treated with 
enough freshly precipitated aluminium hydroxide (10 c. o. for every 100 c. c. 
will be sufficient) followed by the addition of a calculated quantity of silver 
sulphate solution (8 grms. per litre) to remove the chlorides present in the 
sample. The mixture is stirred well and fiOitered. A convenient aliquot from 
the filtrate corresponding to 50—100 c. c. of the original sample, accordii^ 
to its nitrate content, is neutralised very nearly with dilute sulphuric acid 
nging methyl orange as indicator and then treated with nitrate free hydrogen 
peroxide (about 3 — 5 c. c. for every 50 c. c. have been found sufficient) in 
small quantities of 0* 5 e. c. each followed by repeated boiling for a few minutes. 
The sample after oxidation is evaporated to drjmess in a porcelain dish on 
a water bath and the residue treated and stirred well with 2 c. c. of Phenol- 
disulphonic acid. After allowing the mixture to stand for ten minutes it is 
taken up with 15 — 20 c. c. of distilled water and transferred to a Nessler 
cylinder. Then 1 : 1 ammonia is added tiU the yellow colour appears and 
the final volume made up to the 100 c. c. mark, after the mixture has cooled 
down to the laboratory temperature. The liquid is stirred well and the nitrate 
nitrogen determined by comparison with freshly prepared nitrate standards. 

Discussion 


The use of acid potassium permanganate for oxidation of nitrate solu- 
tions is common and under greatly dilute conditions of this reaction oxidation 
takes place quantitatively. But the utter disappointment met with when 
this reagent was used for the determination of small quantities of m'trates 
present in waters and effluents by the phenoldisulphonic acid method may 
be due to the following causes : — 

(1) It is a recognised fact that when a nitrite solution is treated with 
standard potassium permanganate in acid medium, it is necessary to use a 
ver^ dilute solution containing at least 5,000 parts of water for one of nitric 
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acid to avoid decomposition of the nitrate by snlphiiric acid. When the 
nitrite solution after oxidation with 'acid potassium, permanganate is eva- 
porated to dryness, the concentration of the residual acid, if any, will increase 
and decompose the nitrate form,ed in the begi,nning. This appears more pro- 
bable in view of the blank results recorded (Table II) in ca,ses where aeicl 
potassitini permanganate was resorted to for the oxidation of nitrites. 

With neutral potassinm permanganate as the oxidising agent, the reiisoiis 
for the loss of nitrate are much less clear. W^hen hydrogen peroxide is B^ed 
as an oxidising agent, it has bee,n found that the recovery of added nitrite 
nitrogen to effluent as nitrate nitrogen was almost complete. It is also evi- 
dent from the results recorded in Table IV that the nitrate nitrogen obtained 
without oxidation for a sample of very low nitrite content, less than one part 
per million, is very much below that of the oxidised sample, even after making 
allo-wance for the nitrite nitrogen present therein. This low value miglit be 
due to the partial reduction of the nitrates by the soluble organic matter 
present in the clarified effluent during evaporation to dryness. The observa- 
tion incidentally gives a clue to the probable role, the soluble colourless organic 
matter and other reducing substances in a clarified sample would play in tlie 
determination of nitrates. It looks as though it is absolutely essential, 
whether there are appreciable quantities of nitrites or not, to oxidise the re- 
ducing substances that may be present in clarified effluents or waters free 
from chlorides, for correct estimations of nitrates therein. 

Summary 

For a correct estimation of nitrates in sew^age and other polluted w^aters 
the preliminary oxidation of nitrites, organic matter and other reducing 
substances in the clarified samples is imperative and for this purpose hydrogen 
peroxide has been found more effective and reliable than potassium per- 
manganate. 

Details of the technique adopted have been outlined. 
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Introduction 

The method of bud-insertion in citrus trees is fairly standardised in 
this country.^ It consists of the removal of bud-shield, which carries with it 
a small portion of the wood of the bud-stick at the time of primarv slicing 
fu ’» m ^ carefoUy removed before insertion of the bud-shield vdthin 

X J mverted “ T ” shaped slit made on the seedling rootstocks. 

™ America [Camp, 1931; Coit, 1930; Hume, 1926; 
and Wickson, 1926] and in the West Indies [Commission Agriculture^ 1905] 
the general practice at present is to insert the bud-shield mth a piece of w’ood 
attached to it. Even in the ease of other fruits, the American writers advise 
the retention of a slice of wood in the bud-shield [Bailey 1903 
1920 ; Chandler, 1928 ; Knapp, 1929 ; and Stahl, 1925]. In South Africa’ 
it has been pointed out that the retention or otherwise of the slice of wood in 
the bud-shield is largely a method of individual preference or experience 
[PoweU, 1930], In England, Baltet [1910] has also advocated the retention 
oi a thin slice of wood in the bud-shield, while removal of wood is favoured 
in some other English publications [Hall and Crane, 1933 and Ministry of 
Agriculture, 1935]. Work on apples in England has shown that the 
^enean practice of retaining the slice of wood in the inserted bud-shield 
has not established the superiority over the other method, although it has 
been pointed out that the results are required to be confirmed by further 
trials during different seasons [Garner, 1934]. The American method has 
also been reported to have afforded no material benefit in the trials con- 
ducted in Palestine. Writers in Australia are divided in tbeir opinion witli 
regard to the advantage or otherwise of retaining a slice of wood [Anon 1932 
and Cock, 1937]. ’ 

In regard to the optimum period when the seedling rootstocks of citrus 
are to be lopped after bud-insertion, there is also some divergence of opinion 
prevailmg among citrus nurserymen in most parts of the world. It appears 
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that in this country, most of the nurserymen lop off the citrus rootstocks 
either immediately after bud-insertion or within about five to six weeks after- 
wards or after the bud-sprouts have put forth two to six inches of new growth. 
Bailey [1903 and 1920] suggests that in outdoor conditions the rootstocks 
should not be cut back to the bud in one operation but in two ; the first one, 
soon after the stocks show signs of growth activity when the stock is cut 
back to a stub over the bud- joint, and second, about two weeks later after 
the bud has begun to grow, when the stock is cut off to bud-joint. Almost 
similar recommendations are made by Powell [1930], who further states that, 
if the stock is cut off close to the bud in the first instance, it might die back 
and cause the death of the bud. Davies [1917] in South Africa recommends 
cutting back of the stock to three or four inches above the bud as soon as 
these are about to shoot out. 

The present investigations have been undertaken with a view to ascertain 
the desirability or otherwise of retention of the slice of wood in the orange 
bud-shield and the optimum period for carrying out the primary lopping of 
the rootstocks. The most suitable period for budding oranges in this Station 
was also intended to be ascertained. 

MaTEBIAL and METHODS 

The trial was conducted during the seasons 1936-37 and 1937-38. In 
the former year, scion was obtained from a single tree of Kodur chinee orange, 
0. sinensis Osbeck, and the buds were inserted on eighty seedlings from the 
same parent of Guntur sour orange, (7. aurantium Linn, var, Hort., every 
month and during a period of four successive months, commencing from June 
1936. One operator was responsible for all the 320 bud-insertions. All the 
320 seedlings were growing together in a compact plot of the same age and of 
apparently uniform vigour. The age of the seedling rootstocks at the time of 
the first bud-insertion on 9th June 1936 was about twelve months. 

The following four treatments were included under study and twenty 
seedling rootstocks in each of the four months were budded or lopped off 
according to each of the treatments : — 

Treatment No. 1. — ^Bud inserted with a thin slice of wood adhering to 
it, and stock seedling lopped off to about three inches above the 
bud after the bud-sprout has made extension growth of not less 
than two inches in length. 

Treatment No. 2.' — ^Bud insertion after removing the wood from the 
bud-shield, and stock seedling lopped as in Treatment No. 1. 

Treatment No. 3. — Bud inserted as in Treatment No. 1, and stock 
seedling lopped off to three inches above the bud immediately after 
' bud-insertion. 

Treatment No. 4. — ^Bud inserted as in Treatment No. 2 and stock lopped 
as in Treatment No, 3. 
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The second lopping of the rootstocks up to the bud in all the four treatments 
was done only at the time of lifting the budded plants from nursery beds. 
In every series, records of the percentage “ take ” of buds, and the days 
taken for “ bud-break ” were collected and recorded. E.xactly four months 
after the date of bud-insertion, the height measurements of bud-sprouts were 
also collected in every case. 

The results obtained during 1930-37 were so striking and interesting^ 
that it was considered necessary to lay out a more comprehensive trial in 
the following year. This consisted of a series of three separate trials with 
the same treatments as described below : — 

(а) Seedling root.stocks from one IcicMli {ft. maderaspatana Tanaka) 

parent treated by four different methods as explained in 1936 
trials, with the scion obtained from a single chhee orange {C. 
sinensis Osbeck) parent. The bud-insertions were done during 
the last w'eek of July 1937 by one operator. 

(б) Seedling rootstocks from a second IdcMli {C. maderaspatana Tanaka) 

parent treated as above, using scion from a second cMnee orange 
{C. sinensis Osbeck) parent. The bud-insertions were done 
from 7th to 11th August 1937 by a second operator. 

(c) Seedling rootstocks raised from the second kichili {C. maderaspatana 
Tanaka) parent referred to under {b) above and treated similar 
to (a) and (6) using scion from a single acid lime (6*. aurantifoUa 
Swingle) parent. The buds were inserted from 16th to 20th 
August 1937 by the same operator mentioned under (6). 

The seeds of all the rootstocks used in the three aforementioned trials 
had been sown on the 7th November 1935 and the primary transplantation 
from seed to nursery beds had been done on the 15th September 1936. All 
the seeds had been sown on raised seed-beds of made up soil in a small area 
in a compact plot. The transplantation of the seedlings reserved for each 
of the three trials had been done to three separate but contiguous plots. 
Eoughly 600 seedlings of apparently uniform size had been planted to nursery 
beds for each of the three trials. 

During the first week of July 1937, i.e., almost immediately before the 
insertion of orange buds, measurements of stem thickness of individual seed- 
lings growing in the plot reserved for the first of these three trials w'ere collected. 
The analysis of these measurements showed that the mean of 352 plants 
was 0-83 cm. with a standard deviation of 0-21, and the coefficient of variabi- 
lity was therefore 25-3 per cent. In order to show a 10 per cent difference 
between the two means it would require eighty-four observations for a level 
of P = 0-01 [Hoblyn, 1931 and Vaidyanathan, 1936]. Neither the area nor 
the number of plants available rendered the selection of such a large number 
of individuals possible, having regard to the necessity of providing an 
adequate number of guard rows. Furthermore, it was expected on the basis 
of the results of 1936 that the differences between the treatments would be 
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of fairly large proi^ortions. The fact that measurements collected related to 
only the seedling rootstocks, whereas the ultimate data are to be collected on 
scion worked on these rootstocks, renders it also not absolutely necessary to 
base the number of replications strictly on growth measurements of the root- 
stocks. 

It was, therefore, decided to have four repetitions of rows, containing a 
TniniTvmm number of sixteen buddable seedlings, thus involving in all a 
■miniTmiTTi of sixty-fom buddable seedlings under each treatment in each of 
the three trials. 

The number of treatments randomised in each block was four, and this 
was identical to the four treatments described above. 

The following was the plan of layout of trials designated as (a) on page 

653 . 
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Guard rows 


1 Block I 

Block II 

Block III 

j Block IV 

1 

1 

3 

3 

i 

1 

i ‘ 

2 

1 

2 

3 

3 

4 

1 

2 

4 

2 

4 

! 4 


Guard rows 


A similar plan of layout was adopted in the other two trials also, with a 
separate randomisation of plots in the last case. 


The total number of seedlings budded by each of the four treatments in 
each block in trial (a) is given below : — 


Blocks 

1 Treatment 

1 No. 1 

Treatment 
No, 2 

f 

Treatment 
No, 3 

Treatment 
No, 4 

Total 

I . 

i 

16 

16 

16 

16 

i 64 , 

II . 

16 

17 

16 

16 

65 

III. 

19 

17 

16 

19 

71 ' 

IV . 

16 

17 

18 

20 

:':7r' 
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CITRUS NUHSRRY TECHNIQUE TRIALS 

In order to ascertain the optimum season for budding sweet oranges to 
seedling rootstocks, a separate investigation was planned out in 1936 in- 
dependently of the abovementioned trials. Two ‘ citrus varieties— fc'cAiK 
(C. maderaspatana Tanaka) and gajanimma (C. pennivisiculata Tanaka) 
which are grown fairly extensively in this tract-were selected for these trials, 
the scion was selected from a single chinee orange tree, and the bud-inser- 

operator every month from June 1936 to May 
1937. From Jtme to September 1936, the number of rootstocks of each of 
these varieties budded every month varied from ten to seventeen accord- 
mg to the availabffity of seedlings in a compact plot and uniformity of vigour. 
JJurmg the remaining months buds were inserted on to twenty 'seedlings of 
each of these rootstocks. The age of the rootstocks, however, could not be 
fcept constant durmg every bud-insertion owing to the practical difficulties 
mvolved m securmg seeds for sowing every month. The budding technique 

employed m the experiment was the one described under method No 1 
above. 

Results of 1936-37 teials 

The data collected during 1936 are summarised and presented in Table I. 


l2 


Table I 
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inteesting facte, appear to li.re emerged from this investi- 

produced from buds with wood attached to 
_ bud-shield is consistently greater than the number nrodu cerl 

ll7sS^S: - ideSSaliHo^ 

mults under simiiaritrof 

s?ptL1?v of ^ that; the 

T the bud with the wood over the 

woo^may^e^i^fbe f removal of 

wooa may be said to be clearly established. 

(m) ®^^-t>reak ” a,ppears to be clearly stimulated by loppino' of the 
stocks at the time of bud-insertion. A difference StSSe 4eks 
IS noticeable m favour of lopped stocks in all the four months.^ 

(») T^eigM »e^.remenfa of the bnd-sproots ooUccted fear months 
l^pite cHf ei; f ° c >ignifioant differences. 

bfnoMcS t?l^?7h “ '“PP*’'* toolstoots, it 

ofnew shSts i H,h f S^owth in terms of length 

S^S ‘tr 

tion is delayed for a month ^ ^ 

’'tapSST facto “•“"“u''' ■’PP* “PP»" to >«>“ 

rootstocks, as the loppfeg toSent' 

’*°snro«S®iZt^r‘'' '.' ” “d tPbseqnent growth of bud- 

E« to SSf d^f iT f »are heel. 

four treatments ^ uniformly poor under all the 

been comparatively more 

optimum months for^^T momaar ^ September are the 

tract, and that iL preleLHf “ <=bis 

lopping of the rootstocks till tht ^ ^ood m the bud-shield and delayed 
of not less than tw^Ses n^Lth ^ ^roU 

large number of plants but also an earliS Su^Sn S Stp'JS.'* ^ 
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Results of the trial on ‘ the optimum season for budding ’ carried out during 

1936-37 

The results of the separate investigation carried out to ascertam the 
optimum season for budding of oranges are presented in Table II. 

Table II 

Percentage “ bud-take ” of chinee orange on the rootstock varieties, 1936-37 


■ M jnths 

1 Stocks 


Kichili 

Gajanimma 

Mean 

June ...... 

77 

90 

00 

July . . . . 

100 

100 

100-0 

August ...... 

88 

82 

85-0 

September . . . . . 

95 

100 

97-5 

October . . . . . 

55 

60 

67-6 

November 

20 

60 

40-0 

December .... 

45 

75 

60-0 

January ...... 

90 

90 

90-0 

February 

90 

90 

90-0 

March ...... 

20 

25 

22-5 

April ...... 

45 

50 

47-5 

May 

30 

.. 

45 

37-5 

Mean . . | 

62-9 1 

72*3 



There is a fairly wide difference in the percentage ‘‘ take ” of orange 
buds between the two rootstock varieties in favour of gajanimma, which pro- 
duces about 9 per cent more “ bud-take ” in the case of the twelve months, 
while the variations due to several months are also highly marked. 

On the basis of the above results, the months are arranged below in the 
descending order of magnitude in percentage ‘‘ take ” : — July, September, 
January, February, August, June, December, October, April, November’ 
May, March. ’ 
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September 

Maj and Ma,oh w.« foikd to leoid^y thei^^S “°™'"'*''' 

trials. ® ® rootstock varieties in two independent 

it appeare tbat^the montS^P^^^ temperature records during 1936-37, 

for budding operations liave hp^n 

by heavy precipitations or prolonged hot !md characterised 

heaviest rainfall recorded dmina tfm ^ “ dry spells. Por instance, the 

.oMpetaton:l?sb3ad^^^^^ 

April and Mav. It anuears oo^^iKlA +il r “ T, . ^ March, 

or temperature are both important limiin^S weather 

by means of buddino- ^ mitmg factors in the propagation of citrus 

tag bei^arcnol™ bt‘'“'“ “<1 bot weather prevdil- 

few apK,„S ft™ ^ Sw'y''!’' “f™" ‘1* 5'''""S 

the hot weather prevailing in the foaomiigmSs™* “ ‘‘“““Sed by 

for tSlXS. ISfori™ toT‘’’t^ 
age of success obtained durin<^ these monthJ^^ O 

it seems that July to September^ provides^^L aU these points, 

oranges in this tract but thp cm-if optimum period for budding 

fluenid by the wetVea^^^^^^^^ be in 

period. The latter point seems to hi n?' bng during the bud-insertion 
of August produced fess success du^g lS?thaT hJv 'wbUe the month 
1937 it was found that August ^ ^ September, during 

in all the series of buIiWt L. ^be maxiinum percentage of success 

rootstocks, while Julv to SentPi u 2,000 on about six different 

Pesttlts op 1937-38 trials 
Trial (a) 

‘AT have been analysed after the Sin-^ transforma+inTv cvA 

^hare Lre wer;:nL^?‘:iirv£— 

£e TY- . 7 , r in 


worW OTi'tVtte ptcenZr^Sf?? a and th. analysis of variance 
aenled in Tables in S “''la.ned m the 1937 trial, are pre- 
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Table III 


Mean percentages “ take ” (X ) — Nursery Technique Trials 
Stock — Kichili. /Sciow— Chinee arange. 


Serial 

Ko. 

Blocks 

Treat- 
ment 
No. 1 

Treat- 
ment 
No. 2 

Treat- 
ment 
No. 3 

Treat- 
ment 
No. 4 

Total 

Mean 

1 

I 

68-75 

56-25 

93-75 

56-25 

275-00 

68-75 

2 

II 

88-24 

75-00 

87-50 

68-75 

319-49 

79-87 

3 

III 

94-74 

76-47 

93-75 

31-58 

296-54 

74-14 

4 

1 

IV 

93- 5 

’ 52-9i 

94-44 

37-50 

278-63 

69-66 

5 

Total 

345-48 

260-66 

369-44 

194-08 

1169-66 


6 

Mean 

86-37 

66-17 j 

92-36 

48 - 52 jOen. Mean ; 

73-10 


Table IV 


Analysis of variance of 


Due to 

D. F. 

Sum 

of 

squares 

Mean 

square 

Remarks 

Blocks .... 

3 

102-91 

34-30 

Not significant 

Wood vs. no wood 

1 

2072-52 

2072-52 

Highly significant 

Lopping vs. no lopping 

1 

1 28-35 

28-35 

Not significant 

Interaction 

1 

211-99 

211-99 

Not significant 

Treatments 

3 

2312-86 

770-95 

Highly significant 

Error . . . 

9 

668-66 

74-29 


Total .... 

15 

3084-43 




It is clear that insertion of buds with wood on has produced a larger 
number of budlings than insertion of the buds after the removal of wood, 
the average increase percentage being 32-5. This result is in conformity 
with that obtained during 1936. 

Lopping treatment has not affected the percentage “ take 
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every “bud-break” was collected in 

and VI ' results are summarised in Tables V 

Table V 

Mean number of days (x) taken for “ Bud-breah ” 

Kicbili ,, . 

— vaon — Chinee orange 


cjprJoj T31 1 I : Treat- | Treat- ' Treat- 

^al Blocks ^ent j «ent j ment S 

, ^ i 2 I No. 3 No. 4 


I 

II 

III j 

IV 
Total 
Mean 


16 

•00 

16 

•00 

9 

•00 

12-00 

53 00 

13 

•25 

18 

•00 

17 

•00 

11 

•00 

11-00 

67-00 

14 

•25 

13 

•00 

17 

00 

11 

•00 

12-00 

53-00 

13 

25 

16* 

■00 

16* 

00 

9- 

00 

j 

12-00 

53-00 

13- 

■25 

63- 

00 

66- 

00 1 

40- 

00 j 

47-00 

216-00 



15- 

75 

16- 

50 i 

10* 

00 1 

11-75 !( 

Gen. Mean : 

13* 

50. 


Table VI 

Analysis of variance of y'x 


! Degrees 
1 of 

j freedom 

J 

Sum 

of 

squares 

Mean 

square 

1 

1 Remarks 

3 

0-0507 

0-0169 


1 1 

1 

0-1462 

0-1462 

Not significant. 

1 1 

2-0686 

' 2-0686 ’ 

Highly significant. 

1 1 

1 

j 0-0185 

0-0185 

Not significant. 

1 

i 3 j 

[ 2-2333 

0*7444 

Highly significant. 

^ J 

0-3151 

0-0350 

. . 

15 i 

2-5991 1 

1 



Due to 

Blocks 

VTiod vs. no wood 

Lopping vs. no lopping 

Interaction 

Treatments 

Error 

Total 


lopping has clearly stimulated an earlier~^d-tee^ to the averaap 

b“i ifd™” “ ■' 


M 
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Maturation of bud-sprouts. — In February 1938, the total extension growths 
made by the bnd-sprouts were collected in the case of all bndlings, and these 
are summarised in Tables VII and VIII. 

Table VII 


Mean extension growth in cm. Nursery Technique Trials 
StocJc — KichiH Scion — Chinee orange 


Serial 

No. 

Blocks 

Treat- 
ment 
No. 1 

Treat- 
ment 
No. 2 

Treat- 
ment 
No, 3 

Treat- 
ment 
No. 4 

Total 

Mean 

1 

I 

32*60 

47*10 

40*00 

' 

23-67 

143*37 

35*84 

2 

II 

51*83 

25*55 

45*13 

29*67 

152*18 

38*05 

3 

III 

61*56 

! 44*50 

34*44 

48*50 

189*00 1 

47*25 

4 

IV 

50*78 

55*00 

32*54 

30*66 

168*98 

42*25 


Total 

196*77 

172*15 

152*11 

132*50 

653*53 


6 

Mean 

49*19 

\ 

43*04 

38 03 

33*13 

Gen. Mean 

40-85 


Table VIII 

Analysis of variance for mean extension growth 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

Remarks 

Blocks .... 

3 

303*44 

101*15 

Not significant. 

Wood Vs: lio wood 

1 

121*76 

121*76 

Not significant. 

Lopping no lopping. 

1 

444*32 

444*32, . 

Not significant.. 

Interaction . . . . 

1 

1*44 

1*44 

Not significant. . 

Treatments " 

3 

567*52 

00 

Not significant. - 

Error . ' ; . 

9 

1044*50 

116*06 


Total . 

15 

1915*46 




It is evident that, although earlier lopping produces a slightly less growth 
of bud-sprouts than the plants lopped at a later stage, the differential ejffects 
pannot be termed as significantly greater in favopr of any one treatment. 
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Trial (b) 

are presented in TabIes\Vawi*X^”^ -analysis of variance of the second trial 

Table IX 

Percentage “ take ” (x) 

— f fo^inee 


Treat- 

oGrial I Blocks I nieiit 

1^0- I I No. 1 


Treat- j Treat- Treat- j | 

ment | ment j merit | Total i Me. 5 « 

No. 2 I No. 3 I No. 4 ' 


i 

j 

* 

i 



1 

I 

75-00 

58-82 

56-25 

50-00 

240-07 i 

60-02 

2 

II 

87 -so 

64-28 

56-25 

18-75 

226-78 1 

56-70 

3 

III 

93-75 

33-33 

88-24 

31-25 

246-57 

61-64 

4 

IV 

I 

I 

81-25 

64-23 

94-12 

[00-00] 

239-65 

59-91 

5 

Total j 

r 

337-50 

220-71 

i 

294-86 



100-00 

953-07 


6 

Mean 

84-38 

55-18 

73-72 

25-00 ' 

Gen. Mean : 

59-56 


Table X 

Analysis of variance of Sin-'^^^/x 


Degrees 
1 of 

I freedom 

i 

Sum 

of 

j squares 

Mean 

square 

j 

I Hem arks 

3 

462-94 

154-31 

Hot significant. 

1 

1868-37 

1858-37 

Highly significant. 

1 

377-81 

377-81 

Hot signifi' an . 

1 

40-33 

40-33 

Hot significant. 

3 

2111-91* 

703-97 

Highly significant. 

8 

718-36 

89-79 

_ 

14 

3293-21 



Due to 

Blocks 

Wood vs* no wood 

Lopping vs. no lopping 

Interaction 

Treatments 

Error 

Total 


19341 estimated and not the total of degrees 

m2 
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The above data show that bud-shield with wood has again contributed 
to a significantly larger percentage bud-take ” than bud-shield without 
wood, the average increase in favour of the former being 38-96 per cent. 
Lopping has again had no effect on the percentage take 

Table XI 

Mean number of days (x) for bud-breaJc ” 


Stock — Kichili, 27id parent Scion — Chinee orange — 2nd parent 


Serial 

No. 

Blocks 

Treat- 
naent 
No. 1 

Treat- 
ment 
j No. 2 

1 

Treat- 
ment 
No. 3 

Treat- 
ment 
No. 4 

Total 

Mean 

1 

I 

13-00 

16-00 

7-00 

8-00 

i 

44-00 

11-00 

2 

II 

14-00 

16-00 

10-00 

7-00 

47-00 

11-7 

3 

III 

12-00 

13-00 

7-00 

14-00 

1 46-00 

11-50 

4 

IV 

14-00 

14-00 

9-00 


37-00 

9-25 

5 

Total 

53-00 

59-00 

i 33-00 

29-00 

174-00 


6 

Mean 

13-25 

14-75 

8-25 1 

7-25 1 

Gen. Mean : 

10-88 


Table XII 


Analysis of variance of y^x 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

Remarks 

Blocks . . 

3 

0-0878 

0-0293 

Not significant 

Wood ^5. no wood 

1 

0-1526 

0-1526 

Not significant. 

Lopping vs, no lopping 

1 

2-1959 

2-1959 1 

Highly significant. 

Interaction 

1 

0-0001 


Not si nificant. 

Treatments 

3 

2-4530* 

0-8177 

Significant. 

Error .... 

8 

1-0181 

0-1273 


Total • • 

14 

3-5589 




* Separately estimated and not the total of the three single degrees of freedom 
[Yates, 1934], 


CITRUS NURSERY TECHNIQUE TRIALS 0g5 

that lopping has distinc% stimulated an earlier break of 
tad|. the average d,Herence between Jopped and unlopped pliS Stop! 

in riZ7-°LfS. ’■ EThe'irjS ”,”1"?'' “f 

R a Dieak , m the case of plants lopped m a similar manner. 

Table XIII 

J^IddTh £Xi€7ision OTOWtll {%% CTnJ) 

.Os T.r • t ^ \ •/ 


Treat- 

ment 


126-34 j 31-69 
114-41 I 28-60 
147-08 36-77 
100-69 27-67 
•88-52 


Serial 

No. 

1 

j Blocks 

I Treat- 
1 ment 
j No. 1 

1 

Treat- 
1 ment 
; No. 2 

Treat- 
ment 
j No. 3 

1 

I 

46-14 

52-50 

j - 

21-70 

2 

II 

37-50 

49*25 

20-66 

3 

III 

41-92 

29*33 

23-33 

4 

IV 

34-44 

47*00 

19-26 

5 

Total j 

160-00 I 

178*08 j 

84-94 

6 

Mean | 

40-00 

44-62 1 

/ 

21-24 


16*38 jGen. Mean 


Due to 


Table XIV 
Analysis of variance 

Degrees Sum 

of of 

freedom squares 


Mean 

squax’e 


Bemarks 


Blocks 

Wood vs. no wood 

Lopping vs. no lopping 

Interaction 

Treatments 

Error 

Total 


207*76 

0*12 

2199*52 

88*04 

2287*68 

1875*21 

4370*65 


69*25 Not significant. 

0 • 12 Kot significant. 

2199*52 ^Significant. 

88*04 Not significant. 
762*56 I Not significant. 

' 208*36 l" 
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A distinctly larger extension growth is observed in plants which are 
lopped after the bud-sprouts have produced some growth, the average in- 
crease in extension growth in favour of unlopped plants being 23*45 cms., 
and the critical difference 17-07. Presence or absence of wood has not signi- 
ficantly affected the extension growth. 

In general, it is possible to state on the basis of these two trials that : — 

(i) the presence of wood in the orange bud-shield has contributed to 

over 32 per cent higher take ” of buds on Iciohili rootstocks ; 

(ii) lopping of Icichili rootstocks at the time of bud-insertion has not 

affected the percentage take ’’ of orange buds ; 

(Hi) lopping of kicliili rootstocks has stimulated an earlier ‘"bud-break” 
by over five days in chinee orange ; and 

(iv) presence or absence of wood in the chime orange bud-shield has 
shown to exert no material influence on the extension growth 
of bud-sprouts on Icichili. 


The data on “ bud-take ” of acid lime scion parent are presented in 
Tables XV and XVI, 


Percentage “ take ” (x) 


Stock — Kichili, 2nd parent 


Serial 

No. 

Blocks 

Treat- 
ment 
No. 1 

Treat- 
ment 
No. 2 

Treat- 

ment 

No. 3 

Treat- 
ment 
No. 4 

Total 

Mean 

1 

I 

64-29 

23-08 

30-00 

0-00 

117-37 

29-34 

2 

II 

75-00 

14-28 

50-00 

33-33 

172-62 

43*15 

8 

III 

76-47 

12-50 

41-18 

16-67 

146-82 

36-71 

4 

IV 

73-33 

33-33 

25-00 

10-00 

141-66 

35-42 

5 

Total 

289-09 

83-19 

146-18 

60-00 

578-46 


6 

Mean 

72-27 

20*80 

36-65 

15-00 1 

Gen, Mean : 

36-15 


667 


rsS2 
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Table XVI 

Analysis of variance of sin-^ .y/x 


D'ue to 

j Degrees 
! of 

1 freedom 

Sum 

of 

1 squares 

1 Mean 

I square 

1 ~ 

1 

I 

1 Remai’ks 

Blocks • . . . 

3 

58*98 

19-66 

1 Hot significant. 

Wood V8* 210 wood 

1 

1682-22 

1682-22 

Highly sig 2 i.ifieant. 

Lopping V8. no lopping 

I 

452*22 

452-22 

Significant. 

Interaction . , . | 

1 

i 

389-11 1 

j 

389-11 j 

Significant. 

Treatments 

3 1 

2596-40* 1 

865*46 i 

1 

Highly significant. 

Error . j 

^ — Lj. 

8 1 

394-47 

49-31 1 



Total . . . _ j 

1 

* Writ, +.>10 -j-ri + ol + 

u 

3049-85 

: 



V. - - ooL-uiiaw?a Lxates, iy;j4j. 

f ~ --CXe, wXf.e'LtyXpe“S 

u j wood has contributed to 36-51 per cent JnVBpr “ foP<a » f 

ceyhigte'^HX® 20-76 per 

Table XVII 

Mean number of days (x) for “ bud-break ” 

Stock — Kichili, 2nd parent o • 

iSP.'inon iZfWi - 


Serial 

■Ho. 

Blocks 

\ Treat- 
ment 
• Ho. i 

Treat- 
ment 
Ho. 2 

Treat- 
ment 
Ho. 3 

! Treat- 
inent 

1 Ho. 4 

1 Total 

1 

Mean 

1 

-I- 

• 17-00 

31-00 

. 11*00; 


59-00 

14*75 

2 

II 

20*00 

24-00 

15*00 

15-00 

74-00 

18*50 

3 

III 

20*00 

29-00 

15*00 1 

14-00 

78-00 

19*50 

4 . . , 

. IV , 

. 18*00 

28-00 

j 

16*00 . 

1 

62-00 

15*50 

5 

Total 

75*00 

112-00 1 

57*00 

29-00 

273-00 ’ 


-'T- 

Mean 

18*75' 

28-00 i 

14*25 

7*25 < 

- - 

Qen, Mean : 

17-06 
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Table XVIII 


Analysis of variance of y'x 


Due to 

Degrees 

of 

freedom 

Sum 

of 

squares 

Mean 

square 

Remarks 

Bbcks 

3 

0‘0966 

0-0322 

Not significant 

Wood vs. no wood 

1 

0-8032 

0-8032 

Not significant 

Lopping vs. no lopping 

1 

3-3594 

3-3594 

, Highly significant 

interaction 

1 

0-6781 

0-6781 

Significant 

Treatments 

3 

5 - 4069 * 

1-8189 

Highly significant 

Error .... 

7 

0-6220 

0-0746 


Total .... 

13 

6-0754 




Separately estimated and not the total of the three single D. F. [Yates, 1934]. 


As in the case of orange scion, lopping of rootstocks has stimulated an 
earlier ^‘bud-break’’ by an average of 12*63 days than in the unlopped 
series. Presence or absence of wood does not appear to be a factor which 
influences the ‘‘ bud-break ” period. Since the number of successfully budded 
plants under treatment No. 4 is very small and nil in two plots, these large 
differences may not present a very accurate picture of the effects of lopping 
on bud-break 

As a large number of acid lime bud-sprouts failed to make a good growth 
and, further, as no bud-sprouts were available on two plots, it was not possible 
to analyse the results relating to the extension growth made by the plants 
under this experiment. The following inferences which are drawn from this 
experiment are, therefore, confined to only the data collected on '' bud-take 
and ''bud-break'’. 

{%) Presence of wood in acid lime bud-shield has contributed to over 
36 per cent higher " take " of buds on hichili rootstocks. . 

(ii) Lopping of hichili rootstocks at the time of bud-insertion has lowered 
the ‘‘ take " of acid lime buds by about 20 per cent. 

{Hi) Presence or absence of wood in acid lime bud-shield has not had 
any effect on the period taken by buds to " break ” on hichili rootstocks. 

(iv) Lopping of hichili rootstocks has stimulated an earlier ** bud-break ” 
in acid limes by an average of over twelve days. 
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Discussion 

Taking the results of all the three trials earned out rlTm-T.-^ • j. 

mserfaon has also shovai both in the 193fi-37 as well as in1q‘iV4ti”!u 
a distinctly stimuktins: effect on the bud-brp'.l- ” xV'-ii'’’ 

extension grmrth of bud-sproiits «s effected by io]‘j'ii», tica.m,-”?'"!! r Icsnff’ 
tri«i„ 3-f‘“ “<1 *0 Mioee between dil ct<4 «ri» tl e 1 ,X?,8 
lb? the “”““‘”3; '■» extent. Howevet. wlnnit S iel 

J siti'sre 'ssf t? .nss “ i" 

SSSS?EHiiSSS 

- ‘A', -.e tban 

+1 that the removal of wood from bud-shield or the removal of 

thereSaT?m?v?^'■^° -V* skill and that 

+1 L \ involve,s some risk of injiuy to the bud it is suo-gested 

thf btd ZewTf?] Indian method of removal of woof from 

tne bud-shield by- the American method of retaining- the wood will b^ nf 

considerable practical and economic importance in citras nursery practices 

Both during 1936-37 and 1937-38, the trials carried out definitely estab- 
August and September nrovide the optimum period 
for buddmg oranges in this tract. The data also seem to XealThat for 
seeming the most fayomaljle results, budding sliould be carried out diiriiicy 
this period when dpr weather prevails. October to Januarv provides the 
second best period for budding operation, provided the north-east monsoon 
heavy precipitations during the buddino- period and the bni- 

Happens in tlie case of January bud-msertions. If the hot season is nni 

a% ” “““““ 

of wood m the bud-shield, the results obtained in England [Davies, 1917] 

M 
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are also contradictory to those obtained in these trials. Garner [1934] has, 
however, recognised the possibility of seasonal conditions aflfecting the results 
and has stated that it has been found necessary in England to insert apple 
and plum buds with wood attached, because of the conditions of the scion 
variety, which prevented the removal of wood without injury to the bud. 
He also points out that the difference in “ bud-take obtained in his trials 
is very small and unlikely to be of economic importance. In fact, he con- 
siders that insertion of bud-shield with wood will lead to economy of time, 
reduce loss and furnish a more useful method to the amateur budder of apples, 
pears, plums and cherries. 

It is possible that the results may be affected to a considerable extent 
by the age of the rootstocks, nature of scion wood, skill of operators, period 
of exposure of the bud-shield prior to insertion and also the nature of the 
material or solution in which the bud-wood and the separated bud-shield is 
retained till the time of actual insertion. It maj^ be pointed out that the 
slice of wood when retained in the bud-shield probably serves a useful 
purpose in retaining moisture in the bud for a longer period than when 
without it. Opinion is also likely to be expressed that the wood if retained 
leads to the interposing of a foreign body between the healing the surfaces, 
thus possibly preventing the bark of the bud from uniting directly with the 
exposed surface of the rootstock. Bailey [1920] holds that the youngest portions 
of the wood in the bud probably unite with the stock, but such union may 
not be possible when knife cuts are deep and denser part of wood or pith 
of the trees are retained in the bud-shield. Microscopic examination of the 
eighty- three transverse sections of the bud- Joint of the plants budded with 
wood on in these trials after about five months of the insertion has not shown 
the presence of any interposing body betw’een the cambium layers. It, 
therefore, appears clear that when citrus rootstocks of about twenty months 
age are budded with bud-shields having a slice of wood, no impediment occurs 
in the complete union of the two cambium layers. 

It has, however, been found that, where buds with veiy thick slices of 
w^ood are inserted, the bud-joint becomes abnormally raised out, forming a 
gaU-lil^e structure. When such galls are very large, the plants die a prema- 
ture death(Plate XXXI, fig. 2). The size of the wood retained in the bud-shield 
in the present trial was very smaU, with a smooth and flat cut surface, not 
exceeding 2*50 cm. x 0-40 cm. X 0*15 cm. The size was the same as was 
obtained by the operator at the time of slicing out from the bud-stick. The 
operator was prevented from inserting any bud-shield which was not found 
to the mark or in which case the size of the attached wood had to be reduced 
after slicing out from the bud-shield. These show that the operator has to 
be trained suBiciently in order to be able to skilfully slice out the bud-shield 
of the required kind. Lack of skiU on the part of operator, unsuitability of 
the season and unfavourable treatments given to the bud-shield prior to 
insertion are, therefore, likely to be a few of the more potent causes for the 
divergent experience of the citrus nurserymen with regard to the relative 
.merit of bud-insertions with and without wood attached to the bud-shield. 




Fig. 
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The formation of a callus pad at the lower end of the inverted ‘ T ’ cut 
caused by exuberant growth has been referred to by Mendel 119371 in his 
mvestigations on anatomy and physiology of citrus budding. In properlv 
budded plants, tlie callus beneath the bud-shield has been shown to cease 
Its growth as soon as the gap between the rootstock and the shield is filled 
and the resulting pressure renders further cell division impossible The 
callus may, however, grow into the cleft formed at the horizontal cut on the 
rootstock without hindrance from the tissues lying above, thus formino- a 
pad It IS possible that when a rough and ununiform slice of wood is retained 
■n S!- or horizontal cut is too large or tlie bud-shield is 

ilijttmg, the callus pad may assume large size. If a connecting cambium 
ditterentiates m such a pad, as it is reported to do two to three weeks after 
budding [Mendel, 1937], the activity of this cambium may lead to the forma- 
tion ot more cell layers resulting in the raising out of the bud-shield and 

of a swollen bud-joint instead of a smooth one as shown in Plate 
AAA.i, ng. 1. 

That the common practice of the budders to retain the bud-shield in 
water or inside the mouth of the operator in contact with saliva hinders 
successful take ” of such buds has been a widely accepted belief. In the 
expemnents reported here, all the bud-shields w^ere separated out immediately 
before insertion and inserted with the minimum of exposure and without 
contact to any kind of hquid or storage in any other material or container. 

n\/r anatomy and histology of citrus budding in Palestine 

[Mendel, 1937] bas shown that, while the enter Ia 3 ^ers of wood are able to form 
callus easily, the wounds which penetrate deeper into the wood are closed by 
only one overgrowth of the callus tissue originating from the peripheral regions 
of the wounds. This shows that in the hands of an inexperienced budder 
the extent of activity of the healing tissue and consequently the success of 
the bud-union wp depend upon the regenerative power of the peripheral 
regions of the mflicted wounds. It has also been shown in the above-men- 
tioned investigation that the layers between the primary bark and the pith 
rootstocks are not sharply defined, so that when the bark is 
lilted for buading, it is never separated from the stem exactly at the inner 
border of the cambium. It would also appear that in the process of 
the ‘T or inverted ‘T’ cut on the rootstock, the cut may reach the interior sap- 
wood still in the initial hgnified state, which has not the power to regenerate. 
Insei tion of the bud with a thick slice of wood adhering to it or a careless 
incision are, therefore, points that may make all the difference between the 
success and failure of the insertion. 

The data set forth m the precedmg pages regarding the optimum season 
tor orange budding on hichili and gajanimma has shown that the latter variety 
of rootstock produces a higher “ take ” of buds than the former. The wide 
difference existing between the various citrus varieties regarding the effi- 
ciency of “bud-take ” has also been proved in a number of other trials which 
have not been reported _ in these pages. These facts go to show that the 
practical interests of a citrus nurseryman and the grower are not necessarily 

N 2 
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identical. While the former may raise oranges on a rootstock which pro- 
duces the maxiiiiiim bud-take the latter may find that the variety favoured 
by the nurserymen may not give the best performance. In fact it has been 
found at this station that, of all the citrus varieties used as rootstocks, gaja~ 
nimma is the most susceptible to gummosis, while Icichili appears to be among 
those that are fairly immune to this disease. In order to select the best 
rootstock from the viewpoint of the grower and nurseryman elaborate root- 
stock trials are, therefore, necessary to supplement the results from the nursery 
technique trials. 

Summary 

1. Presence of wood in chinee orange and acid lime bud-shield has shown 
to produce a significantly higher '"take” of buds on different rootstock 
varieties than absence of wood. 

2. Primary lopping of citrus rootstocks at the time of bud-insertion has 
lowered the take ” of buds in some cases. 

3. Primary lopping of the citrus rootstocks at the time of bud-insertion 
has stimulated an earlier '' bud-break ” both in chinee oranges and acid limes. 

4. Delayed primary lopping of citrus rootstocks, after the inserted 
chinee orange buds have produced not less than two inches of extension 
growth, has resulted in a comparatively rapid extension growth of bud- 
sprouts, 

5. Presence or absence of wood in the chinee orange and acid lime bud- 
shields has not affected the period taken for bud-break ''' or for rapid exten- 
sion growth of chinee orange bud-sprouts. 

6. July to September provide the optimum season for budding chinee 
oranges in this tract, while October to January provide the next best period, 
provided the bud-insertions are done sufficiently before the advent of the 
hot-weather period. Heavy precipitation during bud-insertions appear to 
inhibit the take ’’ of buds. 

7. Gajanimma produces a significantly higher *'take’’ of buds than 
Icichili, This, however, cannot be taken to mean that the former is a more 
suitable rootstock than the latter. 

Conclusion 

For producing a larger number of budded plants of chinee oranges and 
acid limes and for encouraging an early maturation of bud-sprouts, insertion 
of bud-shield with a piece of wood attached to it and primary lopping of the 
rootstocks after the bud-sprouts have produced not less than twn inches of 
extension growth, have been found to be the most suitable practices. 

July to September has proved to be the optimum period for budding chinee 
oranges under the conditions prevailing in this tract. Poor take ’’ has been 
shown to result when bud-insertions are made under wet-weather conditions 
or during hot and dry spells. Hot season, if it follows bud-insertion very 
soon, has been shown to cause injury to bud-sprouts and retards their subse- 
quent growth. 

A higher take ’’ of orange buds is obtained on gajanimma than on hichili. 
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I. Introduction 

Since Muller s [ 1927 ] important work, several investigators have 
studied the effect of X-rays on plants and animals. Species of Nicotmna and 
Drosophila are among the materials frequently used for irradiation experi- 
ments. Treating five species of Nicotiana with X-ravs and radium, Good- 
speed .and Olson [ 1928] observed that the effect produced in all the species 
was that the progenies showed variation, some of the variationvS resulted 
from disturbances during mitotic and meiotic divisions and many of the 
variant characters in the progeny of X-rayed plants were inherited. Later 
& Godspeed [ 1929 ] had found that tlie effect of X-rays on Nicotiana sylvestris 
was similar to that on N . tabacum in producing variable quaiititative chromo- 
somal alterations which gave rise to series of by-products in later geiierations. 
Stadtler [ 1930 ] working on barley and maize found that the rate of induced 
mutation in germinating seeds was four times as much more as those in dormant 
seeds. When the dose applied to the dormant seeds was doubled the rate 
of mutation approximately doubled. The double dose applied to germi- 
nating seeds was almost completely lethal in effect. Increase in moisture 
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content and variations in temperature had no effect on rate of induced muta- 
tion. The gene mutations obtained by Stadtler were all of recessive type. 
Chromosomal reorganization observed by Goodspeed in tobacco was also 
observed by Stadtler in the case of barle}^ and maize. Goodspeed and Avery 
[ 1934 ] obtained from the progeny of a single X-rayed female gamete of 
N, tabacum fourteen types. Seven of these were pure breeding types and 
the remaining seven not established as pure. These types differed from 
one another and the control in habit, form of leaf, flower and capsule, and in 
colour of leaf and flower. Chimeral effects as a result of exposure to high 
frequency waves were observed in barley and maize by Stadtler and in tobacco 
by Goodspeed. By subjecting the seeds of broad bean, barley and mustard 
to same condition and dosage which resulted in different effects, Patten and 
Wigoder [ 1929 ] concluded that a specific dose is reciiiired for each. Stunting 
followed in all cases where plants growing for twenty-four hours were rayed. 
Difference in sensitiveness between shoot and root was noted in barley. With 
the dosage used the only detrimental effect observable in mustard was the 
failure of side roots to develop. Shull and Mitchell [ 1933 ] working on 
wheat corn, oats, etc., found that brief exposure to X-rays produced from 
high voltage and low ampereage had a stimulative effect on plant growth. 
Using stronger dose of 300 r-units Moore and Haskins [ 1934] observed 
physiological variation and abnormalities including dwarfing, delayed growth 
and fasciation in leaves of cotton, tung-oil and other plants. Ramiah and 
Parthasarathy [ 1936 ] obtained an ageotropic mutant in rice by exposure 
to weaker dose. Singh and Choudhri [ 1935] noted that exposure of dry 
seeds of N, tabacum to X-raj^s for one minute had the effect of inducing physio- 
logical, morphological and chemical variations. 

The authors have made no attempts to review here all the previous 
work done ou X-raying plants but have referred to literature that was ac- 
cessible to them. 

II. AIaTEBIAL AND METHOD 

The first attempt to study the effect of irradiating crop plants with 
X-rays in Bombay Province was made by Dr. W. Burns in August 1931 and 
the work was later continued by the jpresent authors. Through the coiirtesj^ 
of Major Chambers, Specialist in Radiology, the plants were rayed at the 
Connaught Military Hospital, Poona, for the first two years and later with 
the permission of the authorities the raying experiments were continued at 
the David Sassoon Hospital, Poona, for the remaining period. Because of 
the limited facilities available and because of the clinical purposes for which 
the X-ray apparatuses were used in the hospitals the irradiation experiments 
had to be restricted in scope and they could not be carried out to their con- 
clusion. 

Bajri {Pennisetum typhoideMm)^ the bulrush-millet, mustard and tobacco 
were the materials used for the experiments. The result of each of these 
plants is discussed separately. 
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(a) Bajri {Pennisetnm typhoidemn.) 

The difference in time of maturity of the male and female flowers of 
bajri inflorescence was found suitable for irradiating the male and female 
gametes separately. The receptive stigmas are first extruded, followed a 
couple of days later by the first wave of mature anthers. Tiie second wave 
of anthers ripens and becomes extiuded from the glumes still a fewdajA« later. 
A few plants of a pme strain 54 of bajri were grown in earthen pots and when 
the earheads w'-ere ready for treatment, were removed to the hospital for 
X’aying. The male and female gametes were subjected to X-rays by exposin'^ 
the ovaries and anthers respectively. The ovaries and anthers w-ere &e- 
parately rayed and pollination effected after the plants were brought back 
to the garden. The plant materials were rayed with a metalax water-cooled 
tungsten target X-ray tube. The dose and the period of exposure to which 
the earheads were subjected is given in Table 1. 

Table I 


Dosage, used for raying the ovaries and anthers of P. typhoideum 
Experiment No. 1, 1931 


— 

K. V. 

M. a. 

1 Time of 

I exposure 

1 in minutes 

i Target 
distance in 
inches 

Dose 1 

• . 



60 

5 

1 5 

14 

Dose 2 

• 

• 

* 

50 

5 

1 5 i 

30 

c» m, s. 

Dose 3 


• 


62 

5 

( 

5 f 

14 

Dose 4 

• 

• 

• 

45 

5 

5 1 

14 


The above doses were all apphed without the use of a screen. The only 
two variables were distance and K. V., the other conditions w^ere common 
to all. The pollination effected between rayed and unrayed material and 
the number of grains set in each earhead is given in Table II. The earheads 
were protected by paper bags and the grains produced were sowm in the 
following season. Por two generations selfed progenies of the irradiated 
plants were kept under careful observation. 


o 
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Table II 


CondUion of the material used for pollination and the number of grains set 


Earhead 
■ No. 

Stage of developm 
glA 

Ovary 

ent and treatment 

^en 

Anther 

No. of 
seeds set 

' 

Remarks 

1 , 

mature unrayed . 

matui'e rayed 

491 


2 . 

Do. . 

Do. . 

0 


3 . 

Do. . 

Do. . 

159 

The average number 





of grain produced in 

4 . 

Do. . 

Do. . 

150 

a single earhead of 





P. typhoideum natu- 

5 . 

Do. . 

Do. . 

698 

rally grown is 





1204. 

6 . 

Do. . 

Do. . 

16 


7 . 

^ Do . 

immature rayed . 

44 


8 • 

Do. . 

Do. . 

1099 


9 . 

mature rayed 

mature unrayed . 

95 

The average for rayed 





earheads is 381 

10 . 

immature rayed . 

Do. . 

1202 

grains. 

11 . 

mature rayed 

Do. . 

248 




Total . 

4202 



From Table II it is observed that in one instance no seeds were set at all 
and in many setting is very poor. Only in two instances out of eleven the 
setting is normal. The seeds from the eleven earheads w^ere sown in ear to 
row cultures in the following season. 

The result of sowing showed that only in one imstance (earhead No. 0 
of Table II) — ^grains produced by pollination of unrayed e^^rlieadwdth rayed 
pollen — there was total failure of germination. In all other cases there w^as 
no indication of any adverse effect produced as a result of raying. The 
germination percentage of grains in all cases including the only tw^o controls 
provided was exceedingly Ioav. ProAusion of insutEcient controls had made 
it difficult to draw definite conclusions. Except for the poor setting of grains 
in the majority of plants either of whose gametes w^ere rayed (Table II) 
and the low percentage of germination observed while trying to raise the 
generation, no other abnormal or off-types could be noticed in any of the 
cultures of plants raised from treated materials. 
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Table II shows that in the majority of instances of earheafls with either 
the male or female part mature and subjected to X-rays, the grain setting 
has been deficient as conipared with the average number of grains produced 
in earheads grow'n under natural conditions. 

In 1932 in addition to the exposure of ovaries and anthers to X-rays, 
germinating seeds of P. lyphoidmni were also rayed. The seeds treated 
were pjreviously soaked in water for twenty -four, forty -eight and seventy -two 
hours. The following doses were applied to .seeds of each of the *three 
different periods of soaking as well as to ovaries and anthers. 

Table III 


Frequ-ency of X-rays to which soaked seeds and earheads of P. typhoideum were 

exposed 


Treatment No. 

Distance 1 
in ! 

inches ! 

|. 

Filter 

K. V. 

M. a. 

Exposure 

in 

minutes 

1 . . . 

; i 

Nil. 

! i 

1 50 

5 

10 

2 . . . 

1 ^2 1 

! ! 

Nil. 

50 ' 

! 5 1 

15 


Since the X-ray apparatus at the hospital was small and not powerful 
enough, only few grains could be rayed at a time. Therefore, the data 
presented is that based on a small population and is not capable of being 
subjected to too critical statistical interpretation. The result of plants 
raised froni rayed germinating grain is given in Table IV. 


Table IV 

Difference in growth effect betvxen the progeny raised from soaked X-rayed 
and control grains of P. ty^phoideum. 


Character studied 

Rayed | Control 

Difference 

Yield of grain in grams .... 

7*7 I 10-3 

= 2-6 

Height of plant in feet . . 

4*7 1 4-9 

= 0-2 

Number of tillers per plant ... 

i 

8-6 I 4-5 

=0*9 

Length of earheads in inches 

5*5 4*8 

' i 

0*7 


From Table IV it will be observed that plants raised from rayed grains 
show slight weakening as compared with the control except for the character 
of length of the earheads. No difference in result was observable between 
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grain soaked for different number of hours and later subjected to X-rays 
for varying periods. Since application of stronger doses was impracticable, 
further work on raying P. typhoideum had to be discontinued. 

As in the case of earheads of P. typhoideum treated in 1931 so also in 
those rayed in 1932 the setting of grain was poor. The untreated controls 
produced normal well-set earheads. The grains that were set in rayed ear- 
heads when sown gave rise to normal progeny w^hich resembled the controls 
for all characters. The result, therefore, of X-raying earheads of P. typhoi- 
deum to variations in unfiltered rays produced from 45 to 62 K. V., 5 M. a., 
at twelve to fourteen inches target distance from five to fifteen minutes had 
neither deleterious nor stimulative effect. 


{b) Mustard (Brassica juncea Hh^f> <h T.) 

The apparatus used for X-raying mustard seeds was Victor Wanz 
Junior fitted with a coolidge air-cooled tungsten target X-ray tube. The 
dosage applied was 80 K. V., 5 M. a., target distance three inches, without 
filter. Dry seeds of mustard were exposed for nine minutes by three inter- 
mittent application of three minutes each since it was not posvsible to give 
continuous application. 

The rayed seeds were sown in plots with suitable controls. The rayed 
and control materials were replicated seven times by A. B. B. A. method. The 
result of observations of the plants from rayed seeds is given in Table V. 


Table V 


Difference bettveen rayed and unrayed dry seeds of mustard 


Observation 

Bayed 

material 

Control 

Difference 

Significance of 
difference 

Average Ko. of fruiting branches 

7*67 

8-40 

=0-73 

Not significant 

Height in feet 

5*23 

5*29 

=0-06 ' 

i 

Do. 

Seed yield in grams. 

4-13 

5-73 

= 1-60 ' 

Do. 


Although the above figures show that difference between the rayed and 
unrayed is not significant for any of the character studied yet a slight weaken- 
ing of the plants raised from dry seeds ex^josed to X-rays for nine minutes is 
clearly noticeable. 

(c) Tobacco (Xicotiana tabacum Linn.) 

Both dry and soake)d seeds of tobacco were exposed to same frequency 
of rays as that for mustard and the duration of exposure was limited to three 
pxinutes. The rayed seeds were sown in plots along with controls replicated 


X-BAY ON PENNISETUM TYPHOIDEVM, ETC. ggl 

five times by A. B. B A. method. The results of observations made on certain 
chamcters are given in TaWes VI and VII for soaked and dry seedTSjSc- 

Table VI 


Difference between rayed and unrayed soaked seeds of tobacco 


Characters scudied 

! 

i Rayed 

1 material 

I 

1 Control 

j 

1 

: Difference 

Significance 

diflerence 

1 I 

1 Average No. of leaves per plant . | 

! 

10-12 j 

11-14 

i 

o 

II 

Significant 

1 Height of plant in inches . . 1 

1 '' 

2-63 

3-06 1 

= 0-43 

Do. 

; Average leaf factor of biggest leaf | 

t I 

76-71 

96-28 i 

==19*57 

Do. 


The above comparison between the plants from soaked seeds exposed 
o X-rays and controls shows that the difference in respect of all the three 
characters studied is significant. Soaked seeds have, therefore, showed a 
general but significant weakening. t-nm^ea a 

Table VIT 

Difference between rayed and unrayed dry seeds of tobacco 


Characters observed 

Rayed 

material 

\ 

Control j Difference 

1 

Significance of 
difference 

Average No. of leaves per plant . 

9-91 

i 

10-51 i =0-60 

i 

Not significant 

Average height of plant in feet . 

2-74 

2*86 1 =0*12 1 

Do. 

Average leaf factor of biggest leaf 

82-17 

i t 

92*66 i =10*49 1 

J 1 

Do. 


A iT-f givcxi XXI iauic VXI m is oDserveo tnat m the case of dry 

seed of tobacco the same treatment as that given to soaked seeds had sH<^ht 
but not significantly weakening effect. A comparison of the results of soaked 
and dry seeds of tobacco exposed to the same duration and dosave of X-ravs 
shows that the deletenous effect observable in the weakening of pfants is more 
pronounced in the case of soaked than dry seeds. 

In 1934 the previous years’ experiments were repeated but owing to a 
severe attack ^ damping-off disease both the control and rayed material were 
totally lost. These experiments could not be continued any further since 
the only apparatuses that could be employed were those in hospitals used for 

clmicd Avork and were not powerful enough to induce changes abnormal in 
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A comparison of the effect of X-raying the aforementioned three crops 
seems to indicate that the dosages used have not produced any deleterious 
effect in anv of them except one. Even the stronger dose used in the case of 
dry seed of "mustard (80 K. V., 5 M. a., 3 in. distance and 9 minutes exposure) 
as compared with others has not produced any weakening while the same 
dosage used for only three minutes produced significant weakening effect 
on soaked seeds of tobacco. It w'as observed that the power of germination 
of rayed seeds, whether dry or soaked at the time of treatment, \ras generally 
affected. Treated seeds showed poorer germination as compared w'ith the 
control. In Table VIII is given in a summarised form the results of raying 
the three crops used in these experiments. 

Table VIII 


Summary of results of raying given in tabular form 


Crop 

Condition 

of 

part rayed 

K. V. 

M. a. 

T. 

distance 
in inches 

Exposure 

in 

minutes 

Result 

Mustard 

Dry seed 

80 

5 

3 

9 

N 0 appreciable 
weakening 

Tobacco 

Dry seed 

80 

5 

3 

3 

Weakening not 
significant 

Tobacco 

Soaked seed 

80 

.5 

3 

3 

Significant 

weakening 

Bajri 

Soaked seed 

50 

5 

12—14 

5—15 

No appreciable 
weakening 

Bajri 

Earhead 

50 

5 

12—14 

6—15 

No appreciable 
weakening 


III. Discussion 


Stadtler [ 1930 ] observed in the case of barley and maize and Goodspeed 
[ 1929 ] in the case of tobacco that soaked or germinating seeds w^ere more 
adversely affected by X-rays than dry seeds. This is confirmed by the results 
obtained on raying mustard and tobacco. Nine minutes exposure had 
no deleterious effect on dry seeds of mustard while the same dose applied 
for three minutes in the case of tobacco had no effect on dry seeds but signi- 
ficantly weakening effect on soaked ones. Patten and Wigoder [ 1929 ] found 
that specific doses were necessary for different crops to induce changes. The 
result of the three crops used in these experiments lends support to this 
conclusion. 

Singh and Choudhri [ 1935 ], exposing Nmo/mna tubacum seeds to minute 
dose of X-rays for one minute, w'ere able to induce physiological, morpholo- 
gical and chemical variations conducive to accelerated metabolic activity of the 
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plant, while the authors using the same material {K. fahrE:nni) l)iir slighth' 

; stronger dose obtained a very ditfeimjt result, ror., a geiieinl w eakc^nini;: of 

1 the plant. Sluill and Mitchell [ 1933 ], in vrhose experiiiieiits sfiiiiiilath'e effecd 

resulted In seedliii,gs treated with mild dose of X-rays, state that deli feiieie- 
j effects are consisteiitly obtained when iinfiltered radiations ai’c usc-d. This 

i explains the difference between the resiilts of Singh and rTioiirlhii [ 1935 ] uik! 

i the piuseiit authors. T.n the la ttehs case no filter was used and craisofiueiiiiy 

whatever beneficial or stiniu]atii;g: effect there iiiighf. ha\’e 'bccio \\-n< maskeil 
^ by tl'ie deleterious effect produced from iinfiltered rays, 

Moore and. Haskins [ 1934 ], Ramiah and .Part basa rat h>' [ 1936 ],, and. Singh 
and (.Tioudlm [ 1935 ] iiTadiated dry se^^^ds * Shull and Mitchell j 1933 ] X’ogiichi 
[ 1935 ] and Benedict and K.e.rsten [ 1034 ] treated soakcnl scccP. These 
workers, however, have not compared, the results of X -racing dry iiiifl soaked 
seeds of the same phiiit. The authors tried the effect of imlilteretl X-rays on 
both dry as well as germinating seeds of N. tabaeum. llie difference in 
effect between these two treatments was that in the ease of phints raised 
from irradiated dry seeds the general weake.niiig was not significa.nt as 
compared with the controls while .for those plants raised, ifom. irradiated 
soaked seeds the di.fference due to weakening was significant. From the 
results it may be suggested tliat rmfiltered rays produce more deleterious 
effect in the case of soaked than dry seeds. T].iese results soiiiewiiat conipaie 
with the results of Goodspeed vTio observed that seeds of Nkolimui were 
resistant and seedlings susceptible to effect of high, frequency radiation. 
Stadtler [ 1930 ] found that dry seed could stand ten times the dose to wliieh 
germinating seeds were subjected to. 

In order to induce mutations it appears that strong dosage is necessaiy. 
None of the doses applied proved lethal to the millet, mustard or tobacco used 
in the experiments. 

IV. SUMMABY 

(1) The effect of X-raying ovaries and anthers of P. typhoidemn vTth 
a weak dose of unfiltered X-rays produced neither deleterious nor Btiiiuilative 
effect. 

(2) Germinating seeds of P. typhoideum exposed to the same dosage of 
X-rays as the ovaries and anthers resulted in the weakening of the pro- 
genies raised. But the 'weakening was not statistically significant. 

(3) Mustard and tobacco seeds wdien rayed showed a general loss in 
vigour of growth. The weakening was significant in the case of plants raised 
from irradiated soaked seeds and not significant in the case of those raised 
from irradiated dry seeds. 

AcKNOWLED GE EBTS 

The authors wish to express their thanks to Dr. W. Burns for initiating the 
work and to Mr. D. B. Barve and Mr. S. R. Godbole in rendering assistance 
during the early stages of the work. 



THE INDIAN JOUENAL OF AGEICULtDBAL SCIENCE 


BBFEBENCES 


Benedict, H. M. and Kersten, H. ( 1934 ). Plant Physiol. 9, 173-178 

Goodspeed, T. H. ( 1929 ). J. Heredity, SO, 243-259 

Goodspeed, T. H. and Avery, P. ( 1934). J. Genetics, 29, 327-353 

Goodspeed, T. H. and Olson, A. B. ( 1928 ). Amer. J. Bot., 16, 622 

Moore, C. N. and Haskins, C. P. ( 1934 ). Exptl, Sta. Rec. 70, 314 (Abstract) 

Muller, H. J. ( 1927 ). Science, 67, 84-87 

Noguchi, Y. ( 1935 ). Plant Physiol, 10 , 753-762 

Patten, E. E. P. and Wigoder, S. B. ( 1929 ). Nature 128 , 606 

Ramiah, K. and Parthasarathy, N. ( 1936 ). Curr Sci. 6, 135 

Shull, C. A. and Mitchel, J. W. ( 1933 ). Plant Physiol, 8, 287-296 

Singh, B. N. and Choudhri, E. S. ( 1935 ). Proc. Jnd. Acad. Sci. Sec. B. 1, 435-451 

Stadtler, L. J. ( 1930 ). J. Heredity, 21, 3-19 


REVIEWS 


Statistical Technique in Agricultural Research. By D. D. Pateesok (First 
Edita on— McGraw-Hill Publishing Company, Aldwych House, 
London, W. C. 2). Pp. 263. Price 18.s. 


This addition to the already considerable number of commentaries on 
statistical method is welcome, as the examples selected are simple and illustra- 
tive of statistical principles. 


Chapter I deals with general principles, the need for the reduction of 
data, calculation of mean, sum of squares and standard deidation [ why the. 
sum of squares should be divided by (u-1)], the principle of normal curve 
ot errors, the principle of statistical significance and Fisher’s t test. Short 
methods of computation in each case have been illustrated in a popular wav 
ihe a,uthor might have mentioned at this stage the idea of “ Fiducial limits’'” 
introduced by Fisher. 


Chapter II deals ivith the analysis of variance, and explains in a routine 
vay how to calculate the sum of squares and the variance due to each item 
iisher s s test has been well explained, but the author misht have stressed 
that when some treatment differences are considerably larger than others 
It IS necessary to separate the errors ” into different sets, instead of using 
a combined analysis and have a single “ error ” as a basis for comparison. 


Chapter III deals with ‘ Goodness of Fit ’, though as a logical sequence, 
It should have preceded the analysis of variance. The fact that and t 
distributions are special cases of that of s— a fundamental idea in dealing 
with these distributions, has not been stressed in this pubHcation anywhere 
clearly. The examples given for fflustrating the test are well known, being 
commonly employed in preparing contingency tables connected with genetical 
problems ; but it would have been better to refer in detail to the additional 
a.spept of X® and to the correction necessarily made when frequencies are dis- 
continuous or are yerjr small which often happens at the tail end of the 
fiistribution. 
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Gliapter IV dealing with diagrams ” is scanty as it has not touched 
upon any cases of asymmetrical curves. 

Chapters V and VI deal with correlation and regression respectively, 
their separation is hardly necessary. The idea of regression in view of its 
increasing importance should have been given greater prominence. 

Chapters VII to IX dealing wdth new designs of Field Experiments are 
of great interest to the agricultural experimenter. The author has rightly 
stressed that the first essential for good experimentation, which is often 
forgotten, is sound crop husbandry, i.c., a detailed knowledge of the crop, 
soil, manurial requirements, cultural technique, etc. Then the site selected 
for the experiment should be as uniform as possible. The nature of experi- 
mental problems should be clearly defined, and the treatments should be so 
chosen as to have a common basis for comparison and as to give fairly wide 
differences in yields between them. Every agronomist now knows that 
for a valid interpretation of his experimental results, the size of plots, their 
* arrangement and shajie, number of replications, all contribute their share 
and that even in adopting the usual randomised-block method or Latin square^ 
the greatest care in design is necessary to obtain a valid estimate for error. 

Chapter VIII deals with serial and perennial crop experiments. The 
author has treated the subject in a popular w^ay. It should, however, have 
been emphasised that for such a combined analysis of variance it is necessary, 
that error variances in the several seasons should not differ significantly 
if there should be any such difference the precision in the several seasons 
should be equalised by suitable weights. With regard to designs for perennial 
crops (such as tea or fruits), the author has rightly stressed that each plot 
should contain at least ten trees and that suitable guard row should be pro^ 
vided for (double row or single row depending upon the field available). 

Chapter IX deals with some of the latest designs recently issued from 
Rothamsted and on which F. Yates has already published his bulletin (Imperial 
Bureau of Soil Science — Technical Communication No. 35 — The design and 
analysis of Factorial Experiments). The analysis of a complex experiment^ 
and that of the split plot design and the analysis of covariance have been 
explained in detail, but only a brief reference has been made to the con- 
founded layouts ’’ possible in 2^ and 3^ designs. 

This book will help towards a clear understanding of modern statistical 
ideas and fouBd useful by the agricultural experimenter for whom it i‘^ 

meant. 


' reviews 

IntoancUon to flie Botany oi Keia Crojs. 8 Volumes. (South Afi„c«- 
Agmohi.tiie.1l Semh-s, Vol. .\VI), Br 1 . M. Heotoe, PBorES,soE op 

Ageicoltoeal Botany, University of Peetoeia. Pi>. 1127, 

WITH 448 Text-fighres and 88 Tables. Published by* ’ 

THE Centeal News Agency Limited, Johannesburg, 

SoLfH Ai-eica. Price i’3 10.5. Od . net fee set 
of 2 Volumes (postage 26'. extra). 

the has presented in a co-ordinated form 

ii-ff principles .relating to t.iie structure fuiip*tioiis and 

edset?b?tlnv?f ^ -‘^ considerable advance hasiieen made in the know- 

eationfnn . “ ol cultivated plants during the last two decades and investi- 

dS thl DeXd T have been undertaken. Tbe literature 

pcnod ^has also become extensive and widelv scattered The 

aS?ofbas"atTm°"i“f co-ordinating this information is manifest and the 

fundLeital' tn ? “ s-rueture being 

Q.! - . , ‘ , function, the piincipal phY.siological processes are also 

teiven a considerable attention. To obtain a fuller' understanding of the 
leld crops, approach has also been made from other angles, i . e ., cytogenetics 

Tvlr possible to undeJ 
sio-ht into the oigamsm. It not only gives a more thorough in- 

bettL undeif«^ 7 ^ reactions of plants in the field but leads to a 

understanding of the potentiaPties ol crop production. 

iTAd v!!f volumes - Volume I dealing vith cereals 

lute since however, is not quite so abso- 

lute since ^ olume I also deals vutn non-cereal crops such as sugarcane. The 

rnen^^Im f ^ demonstrating wious pheno- 

SSriHATlh^^f r A description of plants 

feTtb/t functions of the vegetative organs of plante pre- 

cede that of the organs concerned with reproduction. The seed development 
in most eases is well explained and fully illustrated hut the conditions favour- 
able to germination of seed are not stated. A description of the condi- 

germination of seeds of crops like sugarcane, 
tobacco lucerne, berseem, etc. would have been useful. In cereals a state^ 

Z2i of millets and other grains would have 

^reatly enhanced the value of the description of these crops. The chapter 
on maize, however, is comparatively more complete giving the economic 
uses of maize and food constituents of the grain. 

^ One would normally not expect results of agTonomic and fertiliser trials 
plants in a botanical treatise of this nature but, since the 
author has given such results in the case of cotton, it would have been just 
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as well to give similar results for otlier crops to make the book more com- 
plete. In relation to Indian work, references to recent investigations on crop 
husbandry in different schemes of the Imperial Council of Agricultural Re- 
search could have been usefully added to bring the knowledge up-to-date. 

The author has rightly paid greater attention to those Natural Orders 
which include important agricultural crops, for instance, the Legmninosae 
and the Malvaceae, and has scantily dealt with those such as the Compositae 
which, though large, are not so important agriculturally. The Legummosae 
occupies the largest space covering 167 pages with the Malvaceae coming next 
with 114 pages. The description of these two Orders is of the nature of a 
runnincf commentary of botanical investigations on the different famihes. 
The chemistry of nitrogen fixation by the different plants of the Legummosae 
and the differentiation on morphological and physiological grounds 
of organisms causing nitrogen fixation are useful contributions to knowledge. 
The chapters on the Solanace, the Cucurbitaceae and Liliaeeae give a descrip- 
tion of plants, the structural knowledge of which will be found useful 
by those interested in vegetable gardening. In dealing with potato, the 
author has described the quality in various types. Useful findings in regard 
to the effect of fight on germination of potato are recorded but perhaps an 
account of relative usefulness of practical methods of preservation of seed 
potatoes would have been a more useful contribution. In taxonomic studies 
the author has rightly laid stress on the necessity of a change in the outlook 
of methods of classification and advocates the principles of adoption of new 
units of differentiation based on genetic variability’’. This principle has 
already been expounded by the Imperial Council of Agricultmal Research in 
the paper entitled “ The Description of Crop-plant Characters and their 
Ranges of Variability— (i) in Cotton and (w) in Rice ” {InA. J. Ague. Set. 
Vol. VIII, Part V, p. 567.] 

The book is comprehensive in scope including material from all the divi- 
sions of botany. It is written neither merety as a text book in the accepted 
meaning of the term nor is its subject matter intended for any particular 
course. It forms a useful compendium of botanical investigations on cul- 
tivated crops and will thus be found useful by botanists and agronomists 
undergoing post-graduate training. The author has given references to 
vant literature containing detailed accounts of various researches mentioned 
in the text. At the end of each chapter there is a comprehensive and 
useful bibliography. The author’s index, plant index and general index at 
the end of the book enliance its utility. The book is profusely illustrated 
and most of the illustrations have been selected from the original publicatioim. 
Mention may also be made of a few slips and printing mistakes w'hich require 
to be rectified. By way of example, on page 287, the figure is intended to 
show lemna colouration but there are no colours in it ; on page 623 “ Sabnis 
and Phatak” are wrongly spelt as “ Sabris and Phatax ” On page 899, 
“ Lyallpur ” is mis-spelt as “ Syallpur ” and “ Afzal and Iyer ” are noted as 
“ Afzal and Tyer 

The book is a useful contribution to the knowledge of science of applied 
botany and deserves to be read by every student interested in that science 
and should be on the shelf of every library as a reference book. (R.L.S.) 
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I IlSTTRODBCTION 

In ordinary farming practice rice is grown in the Konkan withont the 
addition of manure or fertiliser to the soil. Sahasrabuddhe and Abhyankar 
I [1936] have shown that cultivated rice soils at Karjat contain more nitrogen 

I than the uncropped soils during the growing period of rice crop. Sahasra- 

buddhe [ 1936 ] later confirmed these findings by laboratory experiments 
and was further able to show that rice soils carry an inoculum which has the 
power of fixing nitrogen and that this fixation of nitrogen is helped by the 
presence of growing roots of rice plants. He did not, however, attempt an 
elucidation of the nature of this inoculum, which, as has been shown in the 
following pages, consists of free-living nitrogen-fixers. 

Starkey [ 1929 ] cites several workers who have shovm that tobacco, 
corn, mustard and some crucifers are benefited by the presence of Azoto- 
bacter in the soil. He [ 1931 ] has also reviewed the evidence indicating 
that the bacterial life is greatly enhanced in cultivated soils and is virtually 
j at a standstill in fallow. Lipman and Brown [ 1907 ], however, failed to 

show any definite increase in the nitrogen-content of the soil which had been 
I inoculated with Azotobacter vinelandii and A. heijerinclci and cropped with 

i oats, corn and rye in succession. On the other hand, Stranak [ 1910 ] showed 

* that potatoes, grain and beets grew excellently m soil inoculated with Azoto- 

bacter. Although these results are conflicting, yet it seems possible that 
i| under suitable conditions of growth Azotobacter can fix appreciable amounts 

I of. nitrogen, 
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gen [ 1929 ] suggested the possibilit}^ that nitrogen-fixing organisms 
may live synibiotically in the roots of rice plants, whilst Viswa Nath [1932] 
is of tlie opinion tliat the rice plant itself has the power of fixing atmospheric 
nitrogen. Eecently De [ 1936 ], working with a mixed culture of algae and 
bacteria, came to the conclusion that the fixation of nitrogen in rice soils 
under waterlogged conditions is an algal process, although he was unable to 
determine whether the fixation was brought about by the algae themselves or 
by algae working in symbiosis with bacteria. On the other hand, Bristol 
and Page [ 1923 ] have shown that pure cultures of algae do not possess the 
power of fixing elementary nitrogen, though Allison and Hoover [ 1935 ] have 
recently claimed this ability for certain Nostoc, 

The conflicting evidence on the nitrogen recuperation of cultivated 
soils led us to the re-examination of the problem by direct experiments with 
pure cultures of the organisms isolated from rice soils at Karjat. 

Experimental methods and results 

Rice plants with soil about their roots were collected during the rainy 
season in July 1936, from different plots on the Rice Breeding Station at 
Karjat ; the soil was submerged at the time when the plants were removed. 
Isolations from soil samples were made on Ashby’s agar using dilution method. 
The plates were incubated at room temperature, varying from 25° to 27°C. 
Colonies of bacteria began to appear in the plates after 48 hours, and a 
majority of these colonies turned dark with age. These dark colonies were 
further purified and the organism was then grown on slants of Ashby’s agar. 

For the purpose of inoculation a two days’ growth of the organism on 
Ashby’s agar was invariably used. Inoculation was done by scraping growth 
from agar slants with a sterile needle and transferring it to flasks containing 
50 c.c. of Ashby’s solution. 

Experiment I . — ^The organism was isolated from samples of submerged 
soil collected in the immediate proximit}^ of the roots of growing rfce plants 
at Karjat, The transfer of the organism was made into culture flasks each 
containing 50 c.c. of Ashby’s solution, in some of which rice jilants were also 
grown. The experiment lasted for 30 days after which total nitrogen 
was determined by Ranker’s [ 1927 ] modification of the salicylic-thiosulphate 
method. Two series of tests were made in duplicate at different times, and 
the results are summarised in Table I. 

The results show that all the four cultures of the organism isolated from 
soil samples from Karjat can fix appreciable amounts of nitrogen and that 
isolate III (Is. Ill) is an efficient nitrogen-fixer. These results further bring 
out the interesting fact already reported by Sahasrabuddhe [ 1936] that 
growing roots of rice plants markedly enhance the nitrogen-fixing capacity 
of rice soils, 
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NITBOOEN FIXATION IK HIOE SOILS 
Table I 

Amuuiilii oj nitroymi fixed by vrymiimi iivlaltd fwm rice mil 


Total nitrogen in mg. 


I Ashby’s solution containing j Series A Seiic*s B 



Individual 

flask 

j 

1 Average 

Individual 

flask 

Averiige 

Isolate 0 

1-24 

i 1-23 




1-22 




Isolate I . . . . 

1-37 

i 1-39 

^0*9 

0-9 


1-41 


0-9 


Isolate II . 

1-42 

1-45 

0-965 

0-965 


1*48 


0-995 


Isolate III . 

1*64 

1*63 

0-965 

0-966 


1-62 


; 0-965 


Isolate 0+9 rice plants , 

2-982 

^ 3-0'l i 




3 -038 

1 1 



Isolate 1+9 rice plants . 

1 3-097 

i 3-14 

2-576 

2-638 


3-183 

i 

2-700 


Isolate II +9 rice plants 

■ 3-09 

3-08 1 

2 - 856 

2-804 


3-07 

1 

2-752 


Isolate III +9 rice plants 

3-712 

3*68 

3-221 

3 • 253 


3-648 


3-285 


9 rice plants alone 

1-432 


i-538 

1-53 


1-408 

1-42 , 

1*522 



In view of the fact that the nitrogen-fixing power of isolate III is quite 
high, it has been used as inoculum in the experiments that follow. 

Experiment II. There is a definite indication from Experiment I that 
the association of rice plants 'W'ith the organism enhances its normal activity 
to fix nitrogen. It is not known, however, whether the introduction of steri- 
lised soil into the culture flasks exerts a similar beneficial effect on the 
organism. An experiment was therefore made to study the effect of the 
association of rice plants and sojl on the activitiy of the organism to fix 
pitrogen. 
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Seeds of Kolamba variety of rice were obtained from Karjat and dis- 
infected in 1 in 500 solution of mercuric bichloride for 15 minutes. The 
seeds were then washed in sterile water and transferred aseptically to steri- 
lised glass chambers lined inside with sterile, damp filter paper. After germi- 
nation of seed the seedlings were allowed to grow in the glass chambers kept 
at 32°C. for eight days before removing them to culture flasks. 

Five sets of culture flasks each containing 50 c.c. of Ashby’s solution were 
prepared and treated in the following manner : — 

(1) Inoculated with Is. Ill 

(2) One gram of sterilised rice soil was added to each of the culture flasks 
in this set, of which half the number was inoculated with Is. Ill 

(3) Nine rice plants were grown in each of the culture flasks in this set, 

of which half the number was inoculated with Is. Ill 

(4) In one group containing half the number of culture flasks included 

in this set, nine rice plants were grown in each culture flask to which 
one gram of sterilised rice soil was added ; the second group was 
similarly treated but was inoculated with Is. Ill and 

(5) Same as in the second group of (4) above except that in half the 
number of culture flasks in this set roots of rice plants were intro- 
duced into Ashby’s solution for t^n minutes and in the other half 
rice plants were grown for ten dsbjs, before inoculating the culture 
flasks with Is. III. 

At the conclusion of the experiment after 30 days the total nitrogen was 
determined from duplicate samples of each culture flask including the rice 
plants. The results given in Table II are of two series done at different 
times. 

The results presented clearly show that the organism, in association with 
rice plants or rice soil or both, is able to fix larger amounts of nitrogen than 
it does in the absence of such association. Rice soil which has been sterilised 
does not possess the power of nitrogen fixation since the small difference in 
its nitrogen content (0*863 — 0*320 mg.) and that of Ashby’s solution (0*320 
mg.) may be due to the amount of nitrogen already present in the soil. How-. 
ever, when the culture flask containing sterilised soil is inoculated with the 
orpnism, 2*838 mg. (3*733 — 0*895) nitrogen is fixed. It is not clear how 
soil can stimulate the organism to greater activity unless it is assumed that 
this beneficial eflfect is due to certain minerals and salts such as phosphates 
supplied by the soil [Waksman, 1931]. Likewise, rice plants themselves 
are incapable of fixing atmospheric nitrogen, but in their presence the ability 
of the organism to fix nitrogen is greatly enhanced due probably to the ex- 
cretion of growth-promoting substances from the roots. Further, in the pre- 
sence of both soil and roots of rice plants as simulating conditions met with 
in the field, the organism is aroused to still greater activity as it can fix 5*611 
mg. (8*200 — 2*589) or 6*610 mg. (8*827 — 2*217) nitrogen per 0*5 gram of 
niannite utilised in 50 c.c, of Ashby’s solution. Another interesting fact 


NITKX>GEN FIXAllON IN BICE Siill.s 

emerging from these experiments is that, when rice jilants tm: ailnwnfi tc» 
grow in Ashby’s solution before inoculation for a pcniod longc'r fhun len 
minutes, the growth of the organism is adversely aflectct! nitli the lestdl that 
the eiRciency of nitrogen fixation decreases, i.e., 2 -770 mg, (a- BOd— 2-,7Mi j 
nitrogen is fixed when roots of rice jdants are introduced for ten minutes in 
Ashby’s solution as against 1-087 mg. (3-f>76 — 2-389) nitioeen fixed when 
plants are grown for ten days. 

Table II 

Effect of association of rice plants and soil on the nitracji n-Jb-haj r of Un 

organism isolated from rice soil 


No. Ashby’s solution containing 


Total nitrogen in m 
Seiies A i 


Seiies B 


1 Is. Ill . . . . 

2 1 grm. sterilised soil 

1 grm. sterilised soil -f- Is. Ill 

3 9 rice plants . . . 

9 rice plants+Is. Ill 


1 grm, sterilised soil -j- 9 rice 
plants. 

1 grm. sterilised soil 4-9 rice 
plants + Is. III. 

I grm. sterilised soil-f 9 rice 
plants (10 minutes) 4- Is. III. 

1 grm. sterilised soil +9 rice 
plants (10 days) 4- Is. III. 


Indi- 

vidual 

flask 

i Av€.^rage 

i 

1 liKli- 

1 vidoal 
flask 

”T~ * * 

j Average:* 

j 

1-688 

1-710 

1 1-699 

i-416 

1-404 

1 1-410 

0-863 

0-863 

^ 0-803 

0-89S 
0- 95 

: 0-895 



O' 1 lA 

3-754 

3*733 

1-531 

1-555 

i i-543 1 

i i 

1-680 

1-696 

1*688 

3-321 

3-357 

3*339 

3-416 i 
3-349 

3-382 

2-602 1 
2-576 j 

2*589 1 

2-230 I 
2-204 ^ 

2-217 

8-245 1 
8-155 1 

8-200 i 

8-800 i 
8-854 

8*827 

5-255 1 
5-475 i 
3-662 I 
3-690 { 

5*365 ' 

1 

3-676 




1 1 r— — ..XX vxxvov. conxamea mg. nitroseii. Nine 

lice plants in these expernnents contained about 1*2 mg. nitrogen. 

Experiment _ III.— The previous experiment has shown that the organism 
m association with hvmg rice roots is able to fix larger amounts of nitrogen. 
Ifiis experiment was therefore undertaken to ascertain whether any giWth- 
promotmg substance is contained in the living roots of rice plants or whether 
the stimulating effect is caused by increase in available energy due to the 
introduction of plant residues such as roots. For this purpose two groups 
ot cnlture flasks, in duplicate, each containing 50 e.c. of Ashby’s solution and - 
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a gram of sterilised rice soil were set up ; five c,c. of the extract prepared 
from the roots of nine of the rice seedlings grown under sterile conditions in 
Kiiop's solution was added to one group of flasks and choppings of roots of 
tlie same number of plants grown under identical conditions to another group 
of flasks. After twenty daj^s the total nitrogen was determined froin each 
culture flask, and the results are recorded in Table III. 



Table III 

Effect of rice root extract and choppings on the nitrogen fixing power of the 

organism 




Total nitrogen in mg. 

No. 

* Ashby’s solution+soil containing 

Individual 

flask 

Average 

1 

Root extract ....... 

1-910 

1-709 

1-809 


Root extract + Is. Ill ..... 

2-376 

2-310 

2*343 

2 

Root choppings . • . 

1*718 

1*696 

1*709 


Root choppings + Is. Ill ..... 

3*085 

3*086 

3-086 


9 rice plants growing ..... 

2*096 

2*095 

2-095 


9 rice plants growing+ Is. Ill .... 

6*987 

6*004 

6-495 


Is. Ill 

2*549 

2-499 



2*439 



’^Ashby’s solution+soil contained 0*874 mg. nitrogen. 

** Controls. 

Ill considering the results in the above table, the following points seem to 
be established : — 

(1) The organism is stimulated to greater activity when grown in culture 
in association with living roots of rice plants as it can fix 3- 996 mg. (6*495 — 
2*499) nitrogen as against 1*625 mg. (2*499 — 0*874) nitrogen fixed by the 
organism without association. The amount of nitrogen thus fixed is more than 
when an extract of the roots or their choppings are added to the culture, thus 
indicating that the stimulation of the organism is brought about in some manner 
by the living roots and is not due to any substances present in the dead 
roots. 

(2) The addition of the root extract to the culture flasks does not ejceft 
any stimulatory effect oh the power of the organism to fix nitrogen since the 
amount of nitrogen thus fixed is almost the same as in the control ; but some 
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slight beBeficial effect is discernible when root choppings instead of tlie root 
ex rac are introduced into the culture flasks. TJiis small increase in nitrogen 

nxatioii may be due to the organic matter serving as an additional source of 
energy. ® 

ih earlier experiment indication was obtained 

a e time for which the living roots of rice plants are growing in Ashby's 
inoculation is an important factor affecting the I'lmver 
o e organism to fix atmospheric nitrogen. To test this point fiirtlier, a 
senes o culture flasks each containing 50 c.c. of Ashby’s solution and a gram 
% prepared. ISTine rice seedlings 'vrere gro’wn in each 

o e culture flasks for periods varying from ten minutes to ten days and the 
flasks were subsequently inoculated with Is. III. The contents of the culture 
^ as were analysed for total nitrogen at the end of tiFenty days after the 
inoculation of each flask. The results are given in Table IV. 

Table IV 


Effect of growing rice seedlings in cultme previous to moculation on nitrogen- 
filing power of the organism 


I eriod for which rice seedlings grown previous to inocula- 

1 

1 *Total nitrogen in mg, 

i 

tion 

Individual 

flask 

! Average 

10 min. * • . . . 

4*990 

5*122 

5*056 

30 min. 

4*294 

4*442 

i 4*368 

3 hours .... 

4-016 

3-864 

3-940 

1 day ...... 

3-300 i 
3*378 1 

3-339 

3 days ..... 

2*784 ! 
2*848 1 

2-816 

7 days • . . . . 

■ 2*984- i 

2*848 1 

! 

2-916 

10 days 

00 

00 

CO xH 

2-410 

Control (with Is. Ill) 

Tn 1 , . - — 

2-499 1 
2-499 1 

1 

2-499 


Exclusive of nitrogen in nine rice seedlings removed previous to inoculation. 
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It is clear from the table that progressively less amounts of nitrogen are 
fixed by the organism in culture medium in which rice seedlings have pre- 
viously been grown for ten minutes to ten days, although there is not much 
difference in the nitrogen contents of the culture flasks in which rice seedlings 
have been grown for three and seven days before inoculation. The growth 
of rice seedlings in culture flasks for ten days so changes the culture medium 
that it has a depressant effect on the organism which fixes less nitrogen than 
in the control. In other cases the association of the organism with the living 
roots stimulates its activity to a greater or less degree as seen from the amounts 
of nitrogen fixed. 

A possible explanation of these results might be sought in a change in 
the reaction of the culture medium brought about by rice seedlings growing 
in it for varying lengths of time. The above experiment was therefore re- 
peated with some modifications in the length of time for which the rice seedlings 
were grown in the culture medium. The reactions of the solution in each 
culture flask were determined electrometrically at the beginning and at the 
conclusion of the experiment. The results in Table V indicate that the 
solution becomes more alkaline as the period of contact of living rice roots 
with Ashby’s solution increases. 

Table V 


Reaction of Ashby's solution in which rice seedlings were grown for varying 

lengths of time 


Period for which rice seedlings grown previous to 
inoculation 

Initial 

p& 

After removal 
of plants 

10 min. . . ■ . . . . . . . 1 

6*88 

6-90 

30 min. . . . . . . . 

6-88 

7-16 

3 hours . . . 

j 

i 6-88 

7*17 

2 days 

6*88 

7-19 

5 days . . . . . 

6*88 

7-50 

7 days • • . , 

6-88 

7*64 

lO^'days . 

6-88 

7-90 


Experiment F. — ^This experiment was done to ascertain the |7ll of the 
culture medium favouring the most vigorous development of the organism. 
Ashby’s solution (without calcium carbonate), to which one gram of sterilised 
rice soil was added, was adjusted to different by adding to it appropriate 
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quantities of N/lOO hydrochloric acid and N/IQO caustic soda to eivo 
a range of pR varying from 4-79 to 7-59 after the sterilisation of the medium 
Ihe culture flasks were subsequently inoculated %vith Is. Ill and incubated 
at room temperature for 20 days. The j>H of the solution in each culture 
nasK was determined at the conclusion of the experiment and also the amount 
of nitrogen fixed by the organism. The results are recorded in Table VI. 

Table VI 

Effect of different jyH on the development of the organism 


Initial pS pJI at conclusion of experi- 

ment 


Toi^al nitrogen in mg. 


(cLtr% 

The results show that the organism fixes the largest amounts of nitrogen 
at pR 6-3 to 6-54 ; on either side of this range the nitrogen-fixing power of 
the organism decreases although it is more adversely affected in the acidic 
than in the alkaline medium. The organism is able to produce acid by the 
utilisation of mannite in the medium as shown by the more acid reaction in 
almost every case at the conclusion of the experiment. This evidence when 
considered with the data in Tables IV and V, clearly establishes the fact that 
the organism is most active in a slightly acid medium and, as the medium is 
rendered more alkaline by contact with growing rice seedlings, the activity 
pi the organism to fix nitrogen suffers a decline, 
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Organism 

The organism is a species of Azotobacter, and the following is a description 
of its morphology and cultural and physiological characteristics : — 

Rods: 2-0 to 3*2 by 2-0 to 2*8 fx, occurring in pairs (diplococcus) and a few in 
packets (pediococcus). Motile. Encapsulated. Gram -negative. Brown to black 
pigment begins from the third day onwards. Pigment production begins earlier in thickly 
seeded plates, colonies buried in the medium not producing pigment. 

Frazier’s gelatin medium : No liquefaction. 

Ashby’s mannitol agar colonies : Glistening, opaque, circular, raised, smooth. 

■ Neutral beef broth : No growth. 

Litmus milk : Becomes clearer in seven to fourteen days. 

Potato cylinders : Moderate, glistening, brown, slightly slimy growth. 

The organism fixes atmospheric nitrogen and grows in a crude, black film on the 
surface of Ashby’s mannitol solution ; it produces slight acid but no gas when mannitol 
in Ashby’s solution is replaced by saccharine, maltose, galactose, levulose, lactose, raffi- 
nose, glucose, salicin, dextrin, asparagin, amygdalin, glycerine and inulin. 

Aerobic. 

Optimum temperature about 26® C. 

Habitat: Soil. 

Periodicity 

The main purpose of this study was to estimate the density of Azoto- 
f>(^cter-]ikG organisms in rice soils at Karjat in order to ascertain roughly the 
numbers occurring in any one year as part of a normal recurring cycle. The 
Seasonal changes in numbers of the organism have an important bearing on 
factors affecting crop yield, and it was held to be probable that there existed 
a correlation between the numbers of non-symbiotic organisms of the type 
of Azotobacter in cultivated rice soils at Karjat and the nitrogen-content of 
the latter. 

Beginning with August, composite samples were taken from the 2-4 in. 
layer of cultivated rice soil at Karjat and of fallow at intervals of about three 
weeks during 1936-37. Plate cultures of different dilutions were prepared 
from one-gram samples of soils, and a selective medium like Ashby’s agar 
was used for culturing the organism. The relative incidence of different 
types of organisms was noted by an examination of the colonies, and the 
number of such bacterial colonies on a plate as resembled Azotobacter colonies 
was counted. In each culture flask the determination of total nitrogen in- 
cluding nitric nitrogen was done according to the method described in the 
Official and Tentative Methods of Analysis ” by the Association of Official 
Agricultural Chemists [ 1935 ]. For each determination five grams of dry 
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soil were taken and wetted mth water previous to the addition of salicylic- 
sulphuric acid mixture. The results are recorded in Table VII and those 
for cultivated soil are also shown graphically in Fig. 1. 

Table VII 


Azo tobac ter-hTc organisms in rice soil and fallow per gram 


Date of collection 

; Cultivated soil 

Fallow 

! No. 

of 

colonies 

j Total 
;■ nitrogen 

1 in mg. 

; No. 

! of 

1 colonies 

H.-,g 

Angnst 3, 1936 

1,600,000 

0*837 

0 

0-686 

August 27, 1936 . 

340,000 

1*024 

0 

0-668 

September 23, 1936 

66,000 

1-170 

0 

0-674 

October 10, 1936 . 

41,000 

0-930 

0 

0-718 

October 27, 1936 . 

2,000 

1-009 

0 

[ 

0-780 

November 21, 1936 

300 

0-964 

0 

0-612 

December 12, 1936 

1,000 

0-989 

0 

0-674 

J anuary 2, 1937 . 

0 

0-710 

0 

0-892 

January 30, 1937 . 

0 

0-776 

0 

0-729 

February 21, 1937. 

300 

0-772 

0 

0-531 

March 16, 1937 ... 

0 

i 

0-752 1 

0 

0-522 

April 6, 1937 

450 

0-801 

0 

0-774 

April 27, 1937 

26 

0-807 

0 

0-450 

May 8, 1937 

0 

0-726 

0 

0-549 

May 29, 1937 

500 

0-773 

-- 0 ; 

0-994 

June 19, 1937 

400 

0-872 

0 

0-846 

July 10, 1937 . . . 

8,000 

0-910 

0 

0-687 

July 31, 1937 

110,000 

0-816 

0 

0-619 

August 21, 1937 . 

280,000 

0-729 

0 

0-483 
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Fig. 1 Density of Azotohacter in and nitrogen content of rice soil in different seasons. 

It will be seen from Table VII that fluctuations in the density of Azoto- 
bcLCte,r-\^e organisms in the rice soils are of such magnitude that numbers of 
these bacteria found in any one month cannot be accepted as representing 
the actual state of flora during other times of the year. These fluctuations 
are due to external climatic iiifiuences in the soil since the organism is very 
abundant during the rainy season from July to October when the rice crop 
is growing. After the monsoon the numbers of bacteria suffer a sharp decline 
until the organism becomes scarce and almost disappears from the soil in the 
cold season and during hot months. These seasonal fluctuations in microbial 
activity, though apparently due to climatic influences, may also have some- 
thing to do with the growth of the crop since fallow does not support any 
population of Azotobacter-Ws.e organisms. The microbial activity in cropped 
soils is further reflected in an increase in the nitrogen-content of these soils 
as compared with fallow, more particularly in the rainy season. The presence 
of straw and its derivatives and large amounts of other organic matter as 
sources of energy for nitrogen-fixing bacteria will explain the great predo- 
minance of these organisms in cultivated rice soils and their complete absence 
from fallow lands, 
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Summary 

It lias been s’lown i hat plays ail important role in the nit- 

rogen recuperation ot rice soils at Karjat. The organism is stimulated to 
greater activity when associated with the growing roots of rice plants, which 
seem to canso an increase in its efficiency of nitrogen fixation by bringing 
about a change in tlie reaction of the medium in the vicinity of living rootsr 

r* The organism shows a marked periodicity due probably to external 

climatic influences in tiie soil as it is very abundant during the monsoon 
but suffers a sharp decline in numbers in the dry period following the rains 
until it becomes scarce and almost disappears from the soil in the cold 
season and during hot months. Tliis microbial activity during the mon- 
soon is reflected in an increase in the nitrogen-content of the rice soils. The 
seasonal fluctuations in microbial activity may also have somethin" to do 
with the growth of the crop since fallow does not support any population 
of Azotobacler-liliQ organisms. 
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Addendum 

After this paper was submitted for publication, the present wxiters saw 
a note on “Nitrogen fixation by blue-green algae” by F. E. Eritsch and 
P. K. De {Nature 142, 878. 1938] in which the latter state that they have 
isolated in pme cultures three species of Anabaena which have the property 
of fixing considerable quantities of nitrogen from the air. There was, however, 
no increase in the amount of nitrogen fixed when mixed cultures of Anabaena 
and Azotobacter were used, from which the authors conclude that Azotobacier 
plays “ a relatively unimportant part iti nitrogen fixation in the rice fields ” — 
a fact which is contrary to the results reported in the present paper in so far 
■■ as the soils of the rice fields at Karjat are concerned. 
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(With Hates XXXH and XXXm) 

Iktbobuctio]^ 

was jSrst recorded there by Kirk f 3 Q 07 i Zealand ^ It 

England and South AfricJand ii India it “ Australia, 

ii.urrain Valley, Solan (Khattoo Fruit Orchards) and t? Baluchistan, 

in every orchard in Kumann Tii/i ^nlu. It is now foniid 

the thick branches of apple trees PiUs 

siderably less apple croraJd Se ^ “e^ns con- 

in Kumaun the economfc loss d^rto R to S? f 

siderable. A survev i, +b! n * orchardLsts must be very con- 

in 1936, showed that 60 per cent™fTte annl^^t^^’ Chaubattia in Kumaun, 
death of the affected branches ha=+ ^Pple trees had stem-black. The 
osphaeria ribis, the causal fungus of sometmies by the attack of Botry- 

fruit trees are nS knit to^S afllctofbv 

appears by the middle of Tulv nud ;= • -+*^ stem-black. The disease 

of August: ^ " maxnnum virulence by the middle 

Symptoms 

forming a jet black ^rLk^ wMch^slowlv proceeds downwards, 

branch and ultimately Mils it (Plate XXXTT suiroun^ the whole of the 
stages cankers are^formed 'Vlate advanced 

more susceptible than thin ones Th« f branches are 

uninjured smface. observed to attack 


{ 703 ) 
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Mobphology 

An examination of a large number of transverse sections of the diseased 
portions showed that the fungus kiUed the tissue of the cortex down to the 
wood (Plate XXXIII, fig. 1). The hyphae were very sliort and were hardly 
different from the conidia. The conidia were not catenate ; they were irregular 
eirciniform, muticate, often coalescent. The conidiophores and comdia were 
dark brown in colour (Plate XXXHI, figs. 2, 2a and 26) Ihe comdia measured 
8-4-36-4 u.x5-6-30-8[i, the average being Ifi-SpX 

thus, very variable. Chlamydospores were formed in nature Plate XXXiJLl, 
fig. 4). Both conidia and chlamydospores germmated readily in tap water 
(Plate XXXIII, figs. 3 and 4a) within 24 hours. It was observed that 
about 5 per cent of them grew directly into germ tubes, while the rest buis 
and released a large number of minute, hyaline secondary spore^ The lattei , 
after a time, either produced buds or grew germ tubes. The bnds ako 
germmated and produced germ tubes (Plate XXXIII, figs, o and 6). The se- 
condary spores measured from 2- 8-7 -Ofi X 2- 8- 6- 3g, the average bemg 
4 • 79u X 4 • 08u (Plate XXXIII, fig. 5). Rupturing of the comdia into secondary 
spores and their budding were also observed by Massee [ 1915 ] and he con- 
sidered the secondary spores to be the potent source of fresh inlection. 

Isolation , 

The isolation of the causal fungus was made with single spores from 
diseased stems. The fungus was black in colour and very slow growing. 

PATHOaEOTOITY STITBIES 

(а) A number of infection experiments ivere carried out by placing^ drops 
of spore suspension on uninjured surfaces of stem ; but m no case miect^^^ 
took place. When the surface was injured, howevei, tlm iunj,u& readil} 
penetrated and ramified in the tissues. 

(б) On the 5th July 1935, three one-year old plants of apple, variety 
Delicious, were pruned and the cut surfaces were mociilated with the pme 
culture of the fungus. They were then covered with sterilised wet bent 
cotton and enclosed in ceUophane bags. Two other one-year plants ol 
the same variety were similarly treated but were not inoculated, ihey 
served as control. AU the plants were kept inside a glass cage in which vvatei 
was sprayed from time to time to maintain a satm'atea atmospheie. Alie 
seven days the ceUophane bags were removed. Infection was noticed to 
have taken place in all the inoculated surfaces ; the controls remained un- 
changed. 

Another experiment was similarly started on the 13th July wifti three 
plants of the variety Esopus Spitzenberg. The infection took place in a. o 
tliem within seven days, except in the controls. 
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The disease on a young shoot X-^/io 

The disease on an old branch x=Vio 

The disease on a still older branch. 
Canker formed X'Vio 

Artificially infected and attacked twi 
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^IG. za and 26, Comdiophores with conidia ( X480) ■ ’ . 

Fig. 3. Germinating conidia (X 480) 

Chlamvdospores ( X 480) 

Germinating chlamydospores ( x 480) 

' s-yrifl 'Til 5 i t 


Fig. 4. 
Fig. 4a. 
Fig. 5. 
Fig. 6. 


IG. 7, 7o and 7b. Mycelium and chlamydospores in culture ( X 480) 
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A . tliircl experiment was carried out with six seedling apple plants on the 
otii .of May of the following j^^ear. Two of them served as controls. Infection 
took place in ten days in all the inoculated plants. The first symptom of 
mfectioii was the collapse of the tissue and the consequent reduction of the 
diameter of the infected portion. Its colour became light brown, gradually 
changing to dark brown, and finally to sooty black (Plate XX.XIII, fig ~ 4). Nu- 
merous small blisters appeared on the smTace, which later on burst into 
distinct longitudinal cracks. Innumerable conidia of Coniothecium could 
be seen with the lens all over the infected area. 

The fungus was re-isolated in every case and resembled the parent culture 
in all respects, 

Ctjltueal studies 

An extensive stiicty of the behaviour of the ' fungus in oatmeal agar; 
Brown’s starch synthetic agar and Czapek’s agar was carried out. Cultures 
were made in .Petri dishes of uniform size of 9 c.ni. diameter, each co,ntaiiiing 
10 o.c.^ of the medium. A small bit of hypha was planted in the centre of 
each dish. The inoculated dishes were kept in the room where the tempera- 
ture varied from t,he maximum of 73'"-87°P. to the minimum of 62^'-7PF. 
The growth of the colonies was measured at intervals of four da 3 ^s up to 
20 days and the macroscopic and microscopic characters were noted after a 
month , Conidia were never produced in these media. 

Table I 

Mmsiirements of the linear growth of the colonies of Coniothecium cliomatos- 
porum in three different media 


Average diameter of the colonies 



4th day 

1 8th day 

! 

12th day 

[ 16th day 

20th day 

Oatmeal agar 

mm 

7*50 

mm. 

12-76 

I mm. 

17-68 

mm. 

24-18 

- 

mm* 

27-56 

Czapek’s agar 

8*07 

14-35 

20-25 ! 

24-0 1 

25-0 

Brown’s starch 
synthetic agar 

7*20 

19-91 

' 18-75 1 

1 

25-5 , :j 

i 

/ 

29-0 . 


In addition to these three media the fungus was also grown on potato- 
dextrose, Brown’s synthetic, apple stem decoction and Coon’s agar media 
and also on sterilised apple stems and leaves, to see if conidia formation 
could be induced. But they were not formed in these media also. In all 
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the media tried only the chlamydospores appeared (Plate XXXIII, fig. 4). The 
mycelium was in every case thick, light to dark brown in colour, highly granular 
and closely septate. There were faint and narrow zonations in the cultures. 

The fungus was very slow growing in all the media. Its growth was 
inhibited at the temperature of 86°P. but it was resumed when the tem- 
perature was lowered, 

SOUBCES OF INFECTION 

In New Zealand, where this fungus is known to attack apple stem and 
fruits, two spore-stages are found. The Coniothecium stage, which is para- 
sitic, and a second stage, which is apparently saprophytic occurring on dead 
bark of old diseased areas. Until recently, only the Coniothecium stage was 
known. But Massee [1915] found a pycnidial or Phoma stage associated 
with Coniothecium, and he and Van der Bijl [1915], later on, were able 
definitely to link them together. In New Zealand the fungus overwinters 
on shoots either in the form of pycnidia, or in the tissues as mycelium of the 
Coniothecium stage. In Kumaun the pycnidial stage is not met with and 
the fungus overwinters in the mycelial form in the shoots of canl^ered branches. 
The primary conidia of Coniothecium seems to be the chief agent for the 
spread of the disease. The minute hyaline spores, produced by budding 
from the secondary spores originating from the primary conidia, may also 
serve as a source of infection. 

The disease usually starts in July and the infection is the highest by the 
middle of August. Innumerable primary conidia and secondary spores were 
readily caught, towards the middle of August, on vaseline-smeared slides 
exposed in spore traps (aeroscopes). The disease can thus be held to be 
carried by wind. But it can also spread through rain water. Drops of water 
collected from cankered areas after a shower of rain showed numerous spores 
of the fungus in them. The pruned surfaces below a diseased area very 
frequently become infected, probably through contaminated drops of rain 
water. Whether they are carried by insects has not been determined. 

CONTEOn 

Since the mycelium remains imbedded in the tissue of the host, spraying 
or dusting will have no effect in controlling the disease. Butler [1919] 
observed that spraying with lime, sulphur and Burgundy mixture failed to 
check it completely. Careful pruning of the affected areas and branches 
appears to be the only means of getting rid of the disease where it is estab- 
lished. But to prevent fresh infection a paint or smear, which can well 
cover the cut surfaces of the branches and at the same time stop germination 
of the spores of the fungus settling on them, can be the only means. 


707 




STEM-BLACK DISEASE OF APPLE IN KUMAUN 

ingredient,* and „f 0.,H» bifcg ‘T ■" 


Dried precipitate of Bordeaux mixture . T' 

Copper carbonate . . ^ * * ' 

Ked lead powder , ^ 

Red lead powder . * ^ 

Copper carbonate ■ . . ^ 

ment was seven, ™ experi- 

and inoculated, (3) BordeaunasTe («®trol), (2) untrited 

paste, (6) red lead and copperc!rbi2te S (5) red lead 

grease. All these treatmS ™ f ” ’’ending 

old apple trees selected at random 'in difFer^*+^*?'i^ surfaces on each of twelve 
treatment was replicatU Each 

surfaces from the 14th to I8th Julv 1936 nnd 17"'^ ^PP^ied on the cut 

were inoculated with bits of the cultSf’of controls, all of them 

the 29th July to 2nd August 1936 Thk ^^omaicspomm from 

starch synthetic agar medium af room f cm 

inoculation each srrrfaeewS^^etd S a After 

and enclosed in cellophane bao-s in order to of sterilised wet cotton wool 
necessary for infection. The 'cellophane hs<r— moLsture condition 

~ , fcSoI'-reSSrn*’^' 

of the mean Per^ntg^hS^^^^ comparisons 

Table II 

(a) Analysis of variance 


— 

Degree 

of 

freedom 

Sum 

of 

squares 

Blocks ... j 

11 1 

4941-7348 

Treatments 

fi i 

1 

42S17-6888 

Error 

■ 

1 

66 I 

3851-5820 


Mean square 


‘F'- 


449-2486 


58-3570 


7-70 

*121-43 


* Highly significant, 
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(b) Summary of results 


Treatments 


12 13 


Standard 
error of 
difference 


Mean percentage in- 100 100 83 ot> | | 

fection. - 

Conclusions: — (1) = (2)==(7)X4)“(3)>>(5) > 6. 

It M deal from these tables that the paste made by mi™| 2 ot- of 
lead aird 2 os. of copper carbonate with 100 c.c. of ra» lins^d oil is found 
to be most effective in controlling fresh infection of the disease. ^ ^ ^ 

In 1937 the following treatments were, in addition, tried agamst painting 
with the paste made of red lead, copper carbonate and raw linseed od to 
discover any other paste which would be equal to or bettei than -ne 

(1) Painting with the paste prepared by mixing 2 oz. of red lead and 

2 oz of dried precipitate of Bordeaux mixture in 100 c.c. of 
raw linseed oil 

(2) Washing the cut surfaces with 1-1000 HgCla 

^ with Bordeaux paste prepared by mixing 4 oz . of dried Bordeaux 
mixture with 100 c.c. of raw linseed oil 

(3) Painting with a paste of linseed oil 100 c.c., and 

4 oz (equal quantities of lime and sulphur were self boiled 

before adding linseed oil). 

The experiment was laid out in exactly the same way as that of 1936. 

Table III gives the results of the analysis of variance and the comparisons 
of the mean percentage infections for the different treatments. 

Table III 


(a) Analysis of variance 


— — 

Degree 

of 

freedom 

« 1 

Sum 1 

of 

squares 

Means quare 


Block . . . 

11 

3221-093 

292-826 

2*28 

Treatment .... 

5 

85760-7048 

17132-1409 

n33-51 

Error 

55 

7067-6692 

128-321 



♦Highly significant 
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STEM-BLACK DISEASE OF APPLE IN KUMAUN 
(b) Summary of remits 


Treatments 




Red 

Red 

HgCL : 


Stand- 

i ITii- 

Un- 

lead-f 

lead 

follow- 

Lime 

ard 

! tr0att3d 

treated 

copper 

-f 

ed bv : 

Bul- 

erro:r 

1 (unin- 

(iiiocu- 

carbo- 

Bor- 

Bor- ; 

phiir 

of 

iociiiated) 

iated) 

nate 

deaux 

deaux 

paste 

differ- 



paste 

paste 

pastes 


ence 


2 

3 

1 4 

I ^ ^ 

6 1 


Mean percentage in- ; 1.00 

1 100 ^ 

8 , 

32 

1 66 

84 

4-6 

fectioii. j 

i 

1 


1 





Coiicl anions : — {1) = (2) > (6) > (»5) > (4) > (3) 


It is, therefore, proved that the paste prepared with equal quantities of 
red lead and copper carbonate in raw linseed oil was the best of all the pastes 
tried in |:)reveiiting fresh infection by GoniotheeAwn chomatosporum. 


SUMMAEY 

1. The stern-black disease of apple, caused by Coriiotheckim chomatos- 
porum Corda, occurs extensively in every orchard in Kumaiin. 

2. The fungus infects pruned surfaces and proceeds downwards, rendering 
the affected areas jet black. Cankers are formed and the branches are ulti- 
mately killed. Thick branches are more susceptible than thin ones. The 
tissues are killed u|) to tlie cambium and the fungus hibernates in the tissues, 

3. The conidia are dark brown, circiniform, muticate, often coalesceiit 
and are very variable in size. Some of the conidia burst and give rise to 
secondary hyaline spores. The secondary spores either grow into germ tubes 
or produce buds. The buds on their part also grow into germ tubes. 

4. The spores are carried by wind and with rain w^ater. 

5. The fungus cannot enter through uninjured surface of the stem but 
can do so only through wounds. 

6. x4 detailed cultural study of the fungus is made. The fungus is slow 
growing and does not produce conidia in any of the media tried. Only chlamy- 
dospores are formed. 

7. Painting of the pruned surfaces with a paste made of 2 oz. each of 
red lead and copper carbonate and 100 o.c. of raw’ linseed oil very effectively 
controlled the spread of the disease. 
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A FRUIT ROT OF APPLES CAUSED BY A SPECIES OF 

EHIZ0PU8 

BY 

P. R. MEHTA 

Imperial Agricultural Eesearch Institute, Nets Delhi 

(Received for publication on 17th April 1939) 

(With Plate XXXIV and two text-figures) 


IXTRODUOTrOST 

Ybby few fungi associated with “ rots ” of ripe apple fruits are recorded 
in India and probably none on unripe fruits. In the United Provinces [Dey, 
1933] it has been found that Aspergillus niger Van. Tieghem is the common 
organism causing soft rot of apple. In other countries, on the other hand, 
many fungi are known to damage apples in storage [Rose, 1924]. 

In the course of investigations on codling moth of apples in Quetta, the 
samples sent to the Imperial Entomologist were often received in a rotting 
condition. In many cases such fruits were also observed on the trees. These 
samples were sent throughout the months of June and July 1937 and consisted 
of fi-uits in different stages of matmity, but usually they were unripe. In most 
eases (over a hunted fruits examined) the freshly rotted portions gave a pure 
culture of a species of Bkizopus. Some fruits, especially those approaching 
maturity, showed Aspergillus niger on the rotted portion. It was rather 
noticeable that in such fruits a species of Bhizopus did not occur although the 
samples of fruits rotted by the two fungi were packed in the same lot. 

Preliminary e^eriments showed that the species of RUzopus was a vigo- 
rous wound parasite, capable of attacking the ripe and green apples alike*. 
It has not yet been possible to ascertain the amount of damage due to this 
fungus but on two occasions rotted apples purchased early in the season 
(August) from the local market revealed the presence of a similar species of 
Bhizopus. 

In 1938 a further sample was received, this time from Kurram Valley. 
There was no sign of insect attack. In a letter sent by the Extra Assistant 
Director of Agriculture, Kurram Valley, it was stated that the apples first 
changed from green to yeUow and then pink before becoming brown. Rottin<^ 
was confined to the stem-end, and was found to be caused by a species of 
Bhizopus similar to that found in the previous year. 

*A preliminary account of this work has appeared in Gurrmt Science, 6. 68-9. 
1937. 
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Symptoms, moebib anatomy and moephology 



Tliere was no fungus growth on the surface of the fruits but on cutting 
them open it was noticed that the seeds were covered with a weft of mycelium 
studded with black bodies. In certain cases the seeds were absent but a wad 
of mycelium was present in that location. Whenever the skin was removed 
or the fruit cut open, whitish aerial mycelium appeared on the surface within 
24 hours. 


Morbid anatomy , — ^Microscopic examination of the pulp showed the pre- 
sence of broad (12-16 pi), coarse, aseptate light brown hyphae following a tor- 
tuous course, probably due to their being intercellular. These main hyphae 
produced numerous short, narrow, lateral branches which usually penetrated 
the host cells and sometimes the intercellular spaces also. The host cells 
abutting on the main hyphae were darker brown than those further away and 
these hyphae could, therefore, be easily traced. In the green apples there 
was no killing in advance ; the rotting was closely associated with the presence 
of hyphae. 

Morphology,— The morphology of the fungus on the host and on culture 
medium was studied. The fungus was isolated from the diseased tissues and 
from the fungus growth on the seeds. The macroscopic and microscopic growth 
characters of the different isolations were compared on agar medium and found 
to be identical. Eventually single spore isolations from these cultures were 
made. 


The mycelium occurring on the seed and within the scales containing the 
seeds was composed of broad (12-20u) aseptate hjTphae with a few isolated, 
intercalary hyaline chlamydospores (20 x 14pi). Rhizoids were rare. The 
sporangiophores were borne on bulbous brownish swellings 40-80 p. in diameter 
of the hyphae (Plate XXXIV, figs. 1 and 2), or were terminations of ordinary 
hyphae. On these bulbous swellings one to many brownish sporangiophores 
(usually 1 to 3) were produced in the manner figured for JR. arrhizus Fischer 
[Zyeha, 1935] and for B. nodosus Xym. [Lendner, 1908]. These sporangio- 
phores measured 160-480 ^ in length and 10-12 g in width. The sporangia 
were dark, more or less globose, (Plate XXXIV, fig. 1), 80-176 in diameter 


Symptoms. — The rotting fruits in the earlier stages did not show any exuda- 
tion of liquid. In the advanced stages of decay the skin on the whole surface 
was thrown into wrinkles and a Kquid exuded. There was no progressive sink- 
ing of the originally infected patch nor was the surface moist and shiny as noted 
by Dey [1933] in the fruits affected hj A.niger. On the Kulu ” variety of 
green apples (flat, yellow-skinned fruits) the skin of the affected portions be- 
came russet ’’ coloured or verona-brown [Ridgway, 1912] and could be 
easily peeled away from the underlying tissue. The latter was discoloured to 
zinc-orange. The fruits had a slightly sour but not unpleasant odour. Since 
the core hardly offered any resistance, they were easy to cut across. The scales 
within which the seeds were enclosed easily became detached from the tissue 
of the core. 



1. A group of sporangiophores arising from the brown bulbous swelling. Taken from lio 

2. One sporangiopliore and two bulbous swellings on the hyphae. Taken from liost. 

3. Spores (X 1800). 4. Intercalary chlamydospore (x 300). 5. Intercalary chlamydospor 

6 — 9. Different sizes and manners in which sporangia are produced on malt agar (x kV 
deformed sporangium. Taken from host (x 300). 
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Symptoms, mobbid anatomy and morphology 

Symptoms . — ^The rotting fruits in the earlier stages did not show anj^ exuda- 
tion of liquid. In the advanced stages of decay the skin on the whole surface 
was thrown into wrinkles and a liquid exuded. There was no progressive sink- 
ing of the originally infected patch nor was the surface moist and shiny as noted 
by Dey [1933] in the fruits affected hj A. niger. On the “ Kulu ” variety of 
green apples (flat, yellow-skinned fruits) the skin of the affected portions be- 
came “ russet ” coloured or “ verona-brown ” [Ridgway, 1912] and could be 
easily peeled away from the underlying tissue. The latter was discoloured to 
zinc-orange. The fruits had a slightly sour but not unpleasant odour. Since 
the core hardly offered any resistance, they were easy to cut across. The scales 
within which the seeds were enclosed easily became detached from the tissue 
of the core. 

There was no fungus growth on the surface of the fruits but on cutting 
them open it was noticed that the seeds were covered with a weft of mycelium 
studded with black bodies. In certain cases the seeds were absent but a wad 
of mycelium was present in that location. Whenever the skin was removed 
or the fruit cut open, whitish aerial mycelium appeared on the surface within 
24 hours. 

Morbid anatomy . — ^Microscopic examination of the pulp showed the pre- 
sence of broad (12-16 g), coarse, aseptate light brown hyphae following a tor- 
tuous course, probably due to their being intercellular. These main hyphae 
produced numerous short, narrow, lateral branches which usually penetrated 
the host cells and sometimes the intercellular spaces also. The host cells 
abutting on the main hyphae were darker brown than those further away and 
these hyphae could, therefore, be easily traced. In the green apples there 
was no irilliug in advance ; the rotting was closely associated with the presence 
of hyphae. 

MorpTiology.—Uhe morphology of the fungus on the host and on culture 
medium was studied. The fungus was isolated from the diseased tissues and 
from the fungus growth on the seeds. The macroscopic and microscopic growth 
characters of the different isolations were compared on agar medium and found 
to be identical. Eventually single spore isolations from these cultures were 
made. 

The mycelium occurring on the seed and within the scales containing the 
seeds was composed of broad (12-20g) aseptate hyphae with a few isolated, 
intercalary hyaline chlamydospores (20 X 14g). Rhizoids were rare. The 
spOrangiophores were borne on bulbous brownish swellings 40-80g in diameter 
of the hyphae (Plate XXXIV, figs. 1 and 2), or were terminations of ordinary 
h 3 q)hae. On these bulbous sweUings one to many brownish sporangiophores 
(usually 1 to 3) were produced in the manner figured for R. arrhizus Fischer 
[Zycha, 1935] and for E. nodosus Xym. [Lendner, 1908]. These sporangio- 
phores measured 160-480 g in length and 10-12 g in width. The sporangia 
were dark, more or less globose, (Plate XXXIV, fig. 1), 80-176 g in diameter 
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mean 114 (z (100 measurements). The columella was more or less oval, 60-100 
X 66-1 12 jA with a mean diameter of 88 X 96 ^ . A small percentage of deformed 
sporangia were also sometimes noted. In these the contents instead of 
differentiating into spores developed into numerous small, hyaline chlamy- 
dospore-like bodies with a very characteristic shape (Plate XXXIV, fig. 10). 

Such sporangia have been noted previously [Yamamoto, 1930] to occur com- 
monly in the iJfeopzts aZfiws group. 

The spores were light grey, plain-surfaced, slightly angular (nearly poly- 
hedral), faintly striated and measured 6-7-2 fx, with a mean of 7 -On (200 
measurements). ' 

Good aerial growth, which was first white but later light brownish, oc- 
curred on oat agar, malt agar (3 per cent), potato-dextrose agar, and apple 
extract agar, but it was poor on Hopkins’ and Dox’s agar. On these media 
hght to dark brown rhizoids developed but their formation was poor on Hop- 
kms , Hox s and apple extract agar. Their formation was not correlated with 
the amount of aerial growth, for on apple extract agar medium and cut apples 
aeria,! growth was copious but rhizoids were scanty. The stolons were 
hyalme except for the small length near the rhizoids. Hyaline chlamydospores 
developed in stolons as well as in the ordinary hyphae. They were formed 
close to a septum (Plate XXXIV, fig. 4). 

Sporangiophores and sporangia were copiously formed on most of the 
media. The sporangiophores arose on the nodes (rhizoids), on the stolons and 
from the ordinary hyphae (Plate XXXIV, figs., 6-9). 

In cultures a great variation in the size and shape of the sporangia, de- 
pending on their position, was noted. Those which were produced on the sto- 
lons and nodes conformed to the size and description given previously ; those 
which developed on the aerial hyphae, on the other hand, were often much 
jailer, more flat (sub-hemispherical) and their columella was ellipsoidal, 
ihe bmbous swellings on hyphae, mentioned previously, were rather infrequent 
m cultures, and when they did appear it was more commonly in culture tubes 
than in Petri-dish cultures. 

-^I^normal sporangia were rare on some media and very frequent on others. 

Yamamoto_[l 930] ha,s emphasised this character in the key for the classification 
or the species of Rliizopus. The studies made on this particular fungus, sug- 
gest that this is not a very stable character. These abnormal sporangia were 
common on apple extract agar (pH 5-2). Their contents broke up, some- 
tunes, into a very few big segments (4 to 8), but more commonly, however, 
into numerous hyahne beaked or curved bodies. Sometimes a part of the 
protoplasm of the sporangium developed normal spores and the rest into the 
^ i f bodies. Direct germination of the sporangium was also 

noted but very rarely. These abnormal sporangia tended to be more flat and ' 

brownish. 

The size and shape of the sporangium did not seem to be affected by tem- 

striations on the spores, however, looked more prominent | 

at 26°C, than at 16° or 32°0. i 

D 2 * 
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Infection exteements 

Preliminary infection experiments were made on a few varieties of ripe 
apples available in the local market. Fruits were surface sterilised and sporu- 
lating mycelium was placed on the surface which was then gently pricked with 
a sterile needle to injme the skin. These apples were placed in sterile, moist 
chambers at the room temperature (96-100°F). Definite spots were found 
(0-5 to 2 cm. in diameter) in all the inoculated apples within 24 honrs 
while the controls remained unaffected. Out of 21 inoculations 20 were 
successful. The size of the spot varied from apple to apple, even on the same 
variety. In the purple-skinned varieties there was an intensification of the 
colour at the margin of the spot. The depth of rotting increased at a rate 
equal to the increase in radius of the spot at the surface. Examination 
of completely decayed apples showed that the fungus had enveloped the 
seed with a weft of mycelium just as in a naturally infected ffuit. 

In order to carry out the infection experiments critically, semi-mature 
green-skinned fruits (slightly sweet to the taste) of one variety and age 
were obtained from Quetta. The method of inoculation used was that of 
Granger and Horne [1924]. All the apples used in the experiment were first 
placed for one day at 35°C. to see that they carried no previous infection. 
Each apple was then weighed. With a sterile cork borer a cylinder of tissue 
was removed to a depth of half an inch. A thick spore suspension (about 
0-1 c.c.) was introduced with a sterilised pipette, the plug was replaced, and 
the wound was sealed with paraffin. The apple was wrapped in tissue paper 
and placed at the required temperature. At the expiration of the desired t jmA 
it was removed, the rotten tissue was scraped away, and the healthy tissue was 
weighed. The experiment was conducted in triplicate at temperatures bet- 
ween 32°C. and 40°C. and in duplicate for lower temperatures. The effect 
of temperature on the percentage of rotting of green fruits is shown in Table I. 


Table I 

Uffect of temperature on the percentage apple tissue rotted 


Period of mcubation (hours ) 

1 Percentage of rotting 

24°C. 

! 32‘^C. 

! 

35°C. 

1 37°C. 

i 

40°C, 

^4 . . . ■ . 

0-8 

3*6 

5-2 

1 '7-0 

8*5 

48 . . . 

2*2 

14*2 

19-6 

26-5 

20*1 

72 . . , . ' . 

6-8 

56*0 

81*4 

100*0 

100*0 

^6 . . .. . . 

12-6 

' 94‘4 

100-0 



120 . ... 

22-0 

.100*0 


i 

1 


144 . 

31-6 

•• 

1 

* * i 

1 

i 
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It will be seen from Table I that rotting occurred from 22°C unwards and 
Its rate was veiy fast from 32°C. upwards iipwaids and 

Eppect op tempekatijke ok geowth op the pttkgtjs 

^ determine the thermal relations of the 
trinHc^r uniformly poured were used in 

two mpdi') o- and malt agar media were used but, as the former 

ihe funts waTJp'^rr®’ growth, they were found ^satisfactory! 
it fillS l!f fas* growmg and in forty-eight hours at35°and37“0 

It filled Petn-dishes of malt agar 1 1 cms. in diameter. 



30 35 40 

Tempena-tufe € 

Fig. 1. Rate of growth oiRhizopus from apple on malt agar at different temperatures. 

.,nd ^ cordd grow from 15° to 40°C 

These temperature for its growth was betw'een 35° and 37°C 

These results are m conformity with those obtained in infection experiments' 

Is'atSlIr'o fruits were affected as seriousL at 40°a 

+L adverse effect of the temperature on 

^ *^®fr internal temperature was lower and thus 

corresponded with the optimum requirements of the fungu^ 

Eppect op ebactiok op medium ok geowth op the pukgus 

which previously, the fungus could infect both ripe and green apples 

which were presumbaly of different acidities. The effect of hydrogen-ion 
concentration on the growth of the fungus was therefore studied. Peptone 
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solution (2 per cent) was adjusted to different ^.H by adding varying amounts 
oi acid and alkali according to the method of Karrer and Webb [1920]. The 
sdutions were then inoculated by adding equal amounts of a spore suspension. 
Mter 24 hours a visible sign of growth was present in solutions in the range 
of from 3 • 0-8 • 4. ^ At pH 3 • 0 and 3 • 2 there w'as a little gelatinous, 
submerged grow'th which tended to become aerial wdth age ; at pH 4- 1-8 -4 
aerial growth was good, being most copious at pH 4- 1 and 4-4 and decreasing 
progressively in more alkaline ranges. Sporangia developed from pH 4-1 to 
8 • 4 but were more abundantly formed in acidic media. The fungus changed 
the sulphur yellow colom of the medium to orange-cinnamon at pH 8 • 4. 

_ The dry weight of the fungus formed at different hydrogen-ion concentra- 
tions IS shown in Fig. 2. 


50| 



The fungus tended to make the medium alkaline, a tendency especiallv 
marked in acid range. In the alkaline range it tended to be slightly more 
alkahne except at pH 8-4 where the medium became slightly acidic (pH 8-1). 

The pH of the gieen apple was found to be 4*1 to 4 • 2 and the ripe apples 
(used in inoculation experiment) 5-2. Both these fruits, therefore, afforded 
a suitable substratum for the growth of the fungus, specially the green fruits 

The fungus changed the pH of the latter from 4-1 to 5-2. ‘ 


Identity oe the eijngxjs 

The formation of bulbous swellings from which the sporangiophores arise 
has been enaphasised by Lendner [1909] as a specific character of .B. nodosm 
bomewhat similar swellings were noted by Hanzawa [1912J on H. Delemar 
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t- preaence of sporangiophores on swollen nodes 
j„ rhizoids, and the size of the spores suggest that the species un- 

der consideration is ii!. m-rhimis. Zycha [1935], however. su<^. Jtet 

ststpq H separation of R. arrhizus and R.^nodosus. He also 

inoto rioan Lendner and Hagein hesitated in separating them. Yama- 
moto [1930 1] however, does not include 71 nodosus in the “ arrhiziis «ronn » 
but places in; Orjw.ae gi-oup ’ where the sporangia anrl rhizSd fSLItioTis 

‘-‘oJo^ired. He also separates the two species on 
the basis ol physiological characteristics [1930 2] He found thnt 

Sz2zrT“*V'*°°'' r‘.“‘ -Me 

4l“^ +u present studies sporangia developed at 15°0. and not at 

?om tiS nl7'f Pig-ented to a variable SstiLI 

on oer^Sr'ZYgSd oYl:., poo. 

The species under study is assigned to E. arrhawi Fischer irfth the reaorua 
t.o„ as to .ts yahdity made hy Zycha [1836) and as nndersloodbrhim 

Conclusion 

are hfah of group of the species Rhizopus, which 

«o u ®“P®rAture fungi, is well known in other countries and their narasi- 
.m has been established by Harter and Weimer [1922], They state that' 
many of hese species of » intermediate temperatuiie group ” 5re v Lou! 
parasites but in the United States of America none of these wal met ISbT 

thriveTwell'lt vTr presence in India of a fungus which 

inrives well at high temperature is not surprising. 

The extent of damage to apples due to R. arrhiziis is not yet known. 

Summary 

n 3 T<a+L investigation on the codling moth of apples in 

Quetta, the samples sent to the Imperial Entomologist were often received in a 
rottmg condition. The fruits were partiaUy ripe fnd S .mr? ehSeristic 

S’SKurruS'*^vluev”^^H°^^'^F^^^ sWng similar symptoms was received 

the yellowish brown and remained quite firm in 

earher stages of the disease. These fruits had a slightly sour but not un 

SSdtdIn whT^®“ tbe fruits were cut open the seeds were invariably found 

e?M tri I u^^ myceUum. In the tissues the fungus tend- 

ed to be interceUular and sent numerous short lateral branches into the cells ^ 

3 The causal organism was identified as a species of RUzom,^ 
mycehuna occurring on the seed was composed of broad aseptate h^hae and 

Sill each swelling). The spores were 5-7-2 u S XiS 

Intercalary chlamydospores were present. ^ 
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4. Infection experiments on ripe and unripe apples gave a very high per- 
ceiitap of infection. Slight wounding was necessary to start the infection. 
Severity of rotting was dependent on the temperature ; it was slow from 15- 
24^C, and very fast from 32-40''C. At the latter temperatures complete rot- 
ting occurred after 96 hours. There was some correlation between the thermal 
relation of the fungus in culture medium and on the fruits as evidenced by the 
rate of rotting. 

5. The fungus tolerated a wide range of pH from 3*0 to 8*4, but thrived 
best at 4‘ 2 to 5*0. The pH of green apple was found to be 4*2 and the ripe 
apple 5*2. Both these, therefore, afforded a suitable substratum for growth 
of the fungus. 

6. The identity of the fungus is discussed and the species under study is 
assigned to Ehizopus arrhizus Fischer with the reservation as to its validity 
made by Zycha [1935] and as understood by him. 
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A NOTE ON BOTBYTIS-HOT OF GHAPES ]N THE 
QUETTA VALLEY 
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(With Hates XXXV-XXXVII and one toKt-figuro) 

Introduction 

and Ballard [ 1927 ] and Peroid flS .tw ^ A V' by Rose 

andDuPlessis [ 193 ?] irSdifftir^ by Deyer [ 1931 ], 

by the author in the QuetS ' Valiev for the first time 

cinerea Pers. and Botrutisl^^^ 

for the disease. The latter is reckonerf hv m ’ responsible 

Botrytis cinerea. In Southern Pm-nnp 7 workers as a sub-species of 
found associated ^!?th Sr 

grai£ef?dSSe“ vadvr^ra'^^^^^ 

name Botrytis-vot to rot i prefers the 

not gray but grayish ohvaLous. The f 

Er., described by Saecardo (18861 Wn conforms with Botrytis vidgaris 
culture or in the fields assocL-ted with thS^T observed in 

Description of the disease 

capable of attacking healthy i be 

spread. Under humid conations the^^iS facihtate its 

Description oe the fijnces 

vulgaru, Pers. Sacc. Syll. Fung. Vol. IV, Pp! Ss-m M<ynilia 

( 719 ’ ) 
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Clusters grayish, olive, hyphae in cottony masses, Avhitish olivaceous when 
young, becoming olivaceous with age, ascending to eiect, septate, blanching 
above ; branches short, spready, secondary branches few, usuaUy opposite ; 
0 Qjildiophores large, erect, olivaceous, constricted, seveial miiiinieteis high, 
10-25 u. thick, simple or branched ; secondary branches 7-9 f*. thick near the 
head, graduaUy attenuated to 3-4 {i. at the ends. Heads of comdiophores sub- 
hyaline, granular, smooth or slightly venmcose. Conidia oval, oblong-oyal 
or globose, 6-9 by 7-13 pi., 7 by 10 p. predominant, granular, sub-hyahne 
appear grayish olivaceous in clusters, acrogenus or acropleurogenus. 

Conidia germinate readily in distiUed water and 0- 1 per cent glrmose 
solution at 30°C., one to three germ tubes having been observed (i late XX.XV1, 
fig. 3). Conidial formation is more abundant in light than in darkness. In- 
fection, for the most part, takes place by the spread of these conidia. Germ 
tubes are capable of penetrating through healthy skin, the degitse of penoti ac- 
tion yarying with the ripeness of the berries. Hyphae inyade all parts ot the 
berry, growino* within the cells as well as between them, and ramifies through 
the tissue of grapes surrounding and filling them with mycelium. As a result 
of infection the ceUs are destroyed, the protoplasm shrinks away from the 
cell’s wall and becomes disorganised. 

Sderotia.-Sclevotia, are abundantly formed in culture (Plate XXXVI 
fiv. 1). In older growth certain hyphae twist round to form concentric coils of 
hyphse which generally become thick to form minute knot-like bodies. These 
are the young solerotia which are at first whitish in colour, but later develop a 
dirty greenish tinge. As they advance in age they turn dark brown and finally 
become almost black. Mature sclerotia (Plate XXXV, fig. lO-lOc) are dark 
fuscus or black, 3-10 mm. in diameter, irregular in shape, hairy ; hairs thick, 
black, coriaceous ; wall of the sclerotiom dark brown, of more or less polygonal 
cells, and under it is a hypodermal layer of dark brown ceUs and a central 
medullary zone of compact, thick, hyaline and granular hyphse. Weits ot 
hyaline hyphse connect the solerotium with the mother mycelium and serve 
as feeders, when the sclerotia are young; the hairs seem to be mamly 
protective. 

Secondary conidio^Urcs.—Mtec a period of rest which ranges from_ a 
few days to soveral weeks, the sclerotia form all over their surface^ coBidio- 
phores of the normal type (Plate XXXV, fig. lO-c) The vast majority oi 
these conidiophores bear conidia in acropleurogenus mamier. The comeba Irom 
these germinate and form new myceha which in turn repeat the ble-eycle. 
Conidial formation is more rapid in light than in darkness. 

Jficrocowidia.— Ocesisionaliy microconidia are formed. Certain conidia 
on germination form two germ-tubes, one of wliich develops into a haustonw 
filament, while the other forms a short fairly branched eonidiophore wh3.ch 
bears microconidia in chains (Plate XXXVI, fig. 2). These microeomdia do 
not seem to possess any power of germination and axe not of much consequence 
in the life-cycle of the fungus. 
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.PLATE ^XXXV 


I. Oohidiophoi^e of Botr^is mlgans with termina,! cluster ’of'' AcrogeBus 
couidia, (X 100) 1 part of conidiophore with acropleurogeniis arrange- 
, . ; , ment of couidia (X ifo) 

Fig* 2* Head of conidiophore (x 625) . 

“Figs. 3 — 3a Showing different modes of branching of the head of the conidiophore 
(X 100) ■■■• ■ ■ 

Figs. 4 — 6. Heads of certain tyjpes of conidiophores magnified ( X 960) 

Fig‘ 7. A secondary branch of the head of young conidiophore, bearing young 
' conidia ( X 960) ' 

Fig. 8. Conidia (x 625) : 

Fig. 9. , .Germinating c5C«ddia withd>3 germ tubes in different stages of develop- 
ment(x 625)' * '• 

Figs. lO-lOcSclerotia in different stages of development, iOu- Young sclerotium in 
' : y culture- (natlsi»ft),H0a‘--106 Mature sclerbtia (X3), lOc Schlerotia with 

.1 \ .. secondary conidiophores ( X3) 

Fig. 1L ■ ^ Section of the sclerotiuin showing sterile hairs coriaceous w'all, hypodermal 
: v.,ri i layer of dark brown cells' shown light dark and central medullary zone of 

> ;i hyaline or sub-hyaline hirphae. These single threads shown as hairs 
j, . ;|i = f represent sub-hyaline wefts of hyphae which are primary source of nutrient 

^ ^ 8upp)iy to sc^rot^um (X IQO) ; 

Fig. 12* Sterile hairs of j sclerotium {X 100) . ■ ' 

;Fig* 13. i Showing texture of the wall of the sclerotium {x960) 

Fig. 14. Part of medulljary zone of the sclerotium (X960) 








Fig. 1 Photograph of colony of Botnjth vulgaris Fr. on oat agar, incubated at 30°C. for 7 days, 
showing the formation of scierotia in concentric rings 


2 Pliotoniicrograph of a microconidiophore 
formed by the germination of a spore 
of Botrytis vulgaris. Microconidia are 
borne in chains 


Fig. 3 Photomicrograph of germinating spores of 
Botrytis vulgaris ; 1 to 3 germ tubes are 
shown 











BOTBYTIS-EOT OF GRAPES IN THE QUETTA VALLEY 


721 


Anastomosis. — ^Anastomosis or hyphal fusions have been often observed 
between two germ-tubes or between "hyphas and germ-tubes, affording a pos- 
sibility for the interchange of cell contents. This was first noted by De Bary 
and has been observed by many others. Recently Hansen and Smith [1932] 
have reported the occurrence of microconidia and anastomosis. The frequent 
occurrence of multinuclear condition in hyphal cells and spores of Botrytis 
and such other fungi has suggested to these workers the possibility of irregular 
distribution of genetica.Uy ^ssimilar nuclei in cell-division or conidial forma- 
tion. This phenomenon has been the basis of considerable speculation in re- 
lation to the origin of variation in fungi. 

Ascigerous stage. — ^No ascigerous stage has been found in culture or in the 
fields associated with this fungus. All attempts to stimulate selerotia to form 
aj)othecia failed. The selerotia were isolated from cultures and thoroughly 
washed with sterilised distilled water. These were then placed in dishes on 
moist sand, quartz and filter paper and kept at 7°0. in darkness for a period of 
two months, but no apothecial fundaments were observed ; conidiophores, 
however,^ were formed in abundance. The selerotia were kept under further 
observation for six months but no apotheeia appeared, 

Pathogenecjity 

Inoculation experiments were organised to study the pathogenecity of 
Bottytis vulgans Fr. Small bunches of grapes were taken. The berries of four 
bunches were pricked with a sterilised needle. Two of these were washed with 
the suspension of Botrytis spores in sterih'sed distilled water and the other two 
were washed with uninfected sterilised distilled water; each bunch was 
kept in a pair of Koch’s culttire dishes containing small amount of sterilis- 
ed distilled water to maintain humidity. Dishes were kept at the room tem- 
peratime. Four more bunches of grapes were taken. All these were kept 
unbruised. Twm of these were washed with suspension of Botrytis spores in 
sterilised water. Each bunch was kept in a pair of Koch’s culture dishes as 
described above. Within 24 to 48 hours the infection took place in ah the 
oases where the bunches were washed with suspension of spores, while the 
others remained unaffected. Within a week the infected grapes were badly 
mfested with the fungus (Plate XXXVII, fig. 2) and showed signs of 
decay while the controls remained almost healthy. The infection in ease of 
berries pricked with needles was very rapid as compared to those unbruised. 
The fungus is capable of piercing healthy eeh-walls. The experiment was 
repeated and identical results were obtained. 

Physiology of the fukghs 

Prune agar, sta^ndard synthetic agar, potato-dextrose-peptone agar, oat 
agar, Richard’s media and Coon’s agar were the media used for the cultivation 
01 this fungus. The formulie used in the preparation of these media were 
those recommended by Rawlins [1934]. Petri dishes of uniform size (9 cm. in 
diameter) were used and 20 ec. of media was poured in each dish to have a 
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uniform tliickiiess. Six i)lates of each medium were poured and a small piece^ 
of niyceliiini bearing conidia was planted in the centre of each dish and plates 
were^ incubated at 30°C. The growth character and the spread of the fungus 
after incubation for one week is presented in Table T, 

Table I 


Qrowili character and spread of Botrytis vulgaris Ft, in different media, at 


Media 

Growth character 

) 

1 Average 

spread of 
colony in 7 
days (Diameter 
in mm.) 

Frane agar . . 

Comparatively poor growth, sterile 
myeelia abundant, few or no sclerotia, 
sporulation poor 

28-3 

Standard synthetic agar 

NTo sclerotia, thin growth, conidio- i 
phores fairly common 

26-7 

Potato- dextrose-peptone agar 

Thick, good flaky growth, vegetative 
growth predominant. Myeelia dirty 
white, no sclerotia, conidiophores 
comparatively poor 

26-2 

[ 

Oat agar . . . . 

Sporulation, vegetative growth and 
sclerotial formation abundant 

33-7 

Coon’s agar 

Sporulation, vegetative growth and 
sclerotial formation fairly good 

27-1 



The effect of different temperatures on the growth of Botrytis vulgaris 
was also studied. Oat agar was the medium used ; 36 plates were 
poured ; each dish was of uniform size, containing 20 cc. of media. These were 
inoculated with the fungus and sets of six such plates were incubated at each 
temperature. Growth at six different temperatures, viz., 7®C., 19^0., 
23^0., 27*^0., 30°C., and 37*^0., was studied. Sporulation was most active 
at 7°C., it gradually diminished with advance in temperature. At 27°C., 
there was again intense sporulation ; then there was sudden fall and it 
came almost to a standstill at 37°0. Sclerotial formation was fairly active at 
70 Q ■yiTith the advance in temperature it increased and was at its highest at 
27^0. Then it began to decrease and there was slight sclerotial formation at 
37®C. As regards aerial mycelium, 23'^C. was found to be the optimum 
temperature for its growth and at 37'^C., mycelial growth was more or less 
completely inhibited. The effect of different temperatures on the growth of 
this fungus is shown in Table II and is graphically represented in Jig. 


Density of occurrence, 
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Ho. I Temperature i 


Aerial j 8poriiIation’^ 
mycelinm^ 


Sclerotial 

foimation*^ 


i ! 

7TJ. 

-,i + 

4 4 + " 1 “ 

444 

2 1 

IS^O. 

1 ++++ j 

4 44* 

4444 + j 

s 1 

23°C. 

; 4- 4 . m 4 . ^ j 

4 4 

; 44444 .^ ,1 

4 i 

27“C. 

i +++ i 

444 + 

14444 + 4+i 

5 j 

fi i 

30°C. 

orrori 

-i i__ i' 

4 4 

4 “f 4 -f- 

* — denotes absence oi. 


.j_ ^44 


colony in 7 
days 

(diameter, 
in mm.) 

38*8 

46-7 


+ + + to L growth respectively. 

T -r -p o + + + + ^ ^ occurrence. 

4i.4««.4.44, 


78-5 


27-3 


26-6 


9-6 



^ 0 ^ 

Fig. 1 . • Temperatures in ®c. 
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Summary 

1 . A rot of grapes due to Botrytu mlgaris Fr. is recorded. 

2. A brief etiology of the disease is given. 

3. Spores of Botrytis vulgaris germinate readily in distilled water at 30°C. 
and produce one to three germ-tubes. 

4. Fomiation of microconidia and anastomosis between two germ-tubes 
or hyphse and germ-tubes was observed. 

6. No ascigerous stage was found associated with this fungus in culture or 
in the fields. 

6. Oat agar and Coon’s agar were found to be very suitable media for the 
growth of Botrytis vulgaris. 

7. Correlation of temperature and growth of Botrytis vtilgaris was studied. 
27°C. was found to be the optimum temperature for the growth of mycelium 
and sclerotial formation, while sporulation was most active at 23°C. At 
37°C. the growth of aerial mycelium of the fungus and formation of spores 
were inhibited but some sclerotia were formed. 
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ATTENTioijir lias been drawn to the existence of stripes in the compound 
eyes of various species of Aerididae by systeinatists in their descriptions, 
thongh little significance seems to liave beeimattached by them to tliis cliarac- 
ter. Roonwal [1930] was the first to notice in ScJdstocerea gregana Forsk. (the 
desert locust), the existence of two types of individuals among the soli- 
taria ’’ population found on the Mekran Coast — one possessing six stripes 
in the eyes, and the other, seven stripes. In his note, he observed : 
‘‘ The origin of this difference is, however, obscure. Whether this is 
inherited in a genetic way can only be shown by extensive breeding 
experiments. ” Subsequently, he studied the development of stripes in the 
hoppers of Schistocerca at Pasni, and came to the conclusion that, while in the 
six-striped type the number of eye-stripes increased at the rate of one for 
each moult, in the seven-striped one, two stripes were added in one of the 
hopper instars [Rao, 1938]. 

In the course of certain feeding experiments, however, Mukerji (working 
at Karachi) and Batra (stationed at Ambagh) had opportunities of following 
the development of a large number of hoppers, and their observations, made 
quite independently, showed that there was a perfect correlation between the 
number of moults passed through and the number of the stripes acquned 
by the hopper [ Mukerji and Batra, 1938]. Thus in a five-instar life-cycle, 
an adult with six eye-stripes was produced, while a seven-striped eye was 
the result of the occurrence of an extra moult, or in other words, of a six- 
instar life-history. In a few" cases, two extra moults were noticed, resulting 
in the production of adults with eight stripes in the eye. In a few other 
instances, Mukerji met with cases of a four-instar life-cycle accompanied by 
the production of a type with five eye-stripes. 

Should these conclusions be confirmed, the eye-stripe character in ScMsto- 
cerca Yvoiild apparently serve as an easily recognisable index of the develop- 
mental history of the hoj^per stages of each individual, and may also serve 

Paper presented to the Zoological Section of the Lahore Session of the Indian 
Science Congress, 1939 
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to signify any possible tendencies in regard to change of phase. The senior 
writer had opportunities of examining a large series of specimens of 8dhisto~ 
cerca gregaria gathered from actual swarms during past infestations in India^ 
belonging to : — 

(1) Karachi Locust Collections including gregaria forms collected in 

19S1 and a few specimens from Africa presented by Dr. B. P, 

Uvarov, 

(2) Collections of the Imperial Entomologist, ISTew Delhi (1904- 

1930), 

(3) Collections of the Indian Museum, Calcutta (1889-1915), and 

(4) Collections of the Professor of Entomology, Poona Agricultural 

College (1915-1930). 

In all the gregaria forms subjected to scrutiny, he invariably found six 
stripes in the eyes (wherever the stripes were clearly visible), accompanied 
by 26 antennal segments in all such specimens as had the antennae 
intact. He also noticed that the specimens collected at Pasni and elsewhere 
during the time of the great incursion of locusts in July 1935, and the small 
incursion of May 1932 at Pasni [ Rao, 1936] consisted predominantly of 
forms with six eye-stripes possessing gregaria ratios. In the course of bio- 
metrical work, the junior writer had ample opportunities of examining both 
gregaria and solitaria phase material of Schistocerca collected in the course 
of the last six years, from the various habitats of the desert locust within 
Indian limits. His observations go to show that collections of non-gregarious 
forms are generally made up of both six-striped and seven-striped types, 
though at certain times seven-striped ones were found predominating. The 
six-striped individuals, however, show mostly solitaria ratios, and usually 
possess 27 antennal segments, instead of the 26 found in gregaria forms. The 
seven-striped forms generally have 28 to 29 antennal segments, while 
eight-striped forms have 30 (as noted in a small number of specimens with 
eight eye-stripes found in nature in 1936). The dominance of the six-striped 
character in gregaria forms may, to a certain extent, be taken as an index of 
the rapidity of their developmental processes, resulting in the relative 
shortness of the hopper period as compared with that of the solitaria 
, forms. 

I In certain other genera of Acrididae, in which eye-stripes are known to 

occur, a general correspondence of the number of stripes with the number 
of instars has been recorded in cases where the life-history has been worked 
out. In the case of Patanga succinota L. (the Bombay locust), eight eye- 
stripes have been noted to be quite common in the forms collected from swarms 
(1904-1910); and even among those met with in the desert in the course 
of locust surveys in recent years, eight-stripes are the general rule, though 
a few nine-striped forms have also been met with in the Rajputana desert. 
In addition, a few forms with seven eye-stripes have also been noticed in the 
collections. In this connection, it may be mentioned that Lefroy [ 1906 ] 
has recorded eleven cases of rearing of the Bombay locust from egg to adult^ 
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of.wliioli nine lioppers passed through seven moults, while one iiiiderwerit 
six and /another eight moults. In the single specimen of Nomadacrm septem- 
fascmta Serv. (the Red-Locust of Afri<3a), presented to the Karachi collection 
by the Imperial Institute of Entomology, London, seven eye-stripes are seem 
which wo^d correspond with the record of the geiieraf occurrence of six 
moults in its life-history [Faure, 1935 ]. In Golemmiia sphenarioides Bo!, 
(the Deccan grasshopper), six to seven eye-stripes are found, viiieh may be 
correlated with the occurrence of five or six iiistars recorded bv fV>leinaii 
[ 1911 ]. 

Six to seven vertical stripes are also to be found in the eyes of Anacrt 
di'imi egyptium L. (the ^Egyptian grasshopper), and in Cyrtacantharris 
taiarica L, Similar prominent vertical eye-stripes are noticeable also in the 
following genera : Galoptenopsis, GaU^ytamm, Thisoecetnis, FAiprepmenmis, 
Dericorys, Spatkosternum, etc. Instead of straight and vertical stripes, 
curved, concentric ones are to be found in certain genera of the group Pyro- 
gomoiplimm, viz., Pyrgomorphi, Colemcmia, and Ghrotogonus. In Acrida, 
tlie stripes are parallel and horizontal (not vertical) in correspondence with the 
position of the eye in the anteriorly projecting snout of this form and may 
vary in number from seven to ten. 

In certain Acrididae, stripes are conspicuous by their absence, the eye 
being generally iiTegularly marbled with cream and brown, as for example, 
in the genera, Locusta (Locusta migratoria L.), Dociostaums, 8p)Mngf}notm, 
Pyrgodera, etc. In GSdaleus, hownver, stripes are visible in many specimens, 
thongh rather faintly. 

In certain other genera, only two or three anterior stripes are clearly 
visible, the posterior ones becoming more or less masked by light brown, as, 

I for instance, is the case with HieroglypJms, Gatantops, Oxya, and Choroedoeus. 

In Hieroglyphus banian F., an examination of a great number of live 
hoppers of all stages in the field in regard to the eye-stripes as well as the 
number of their antennal segments gave ample indications that, as in ScMsto- 
S cerca, the number of stripes progressively increases in this form w^ith the 

i number of moults passed through, it being noticed that the eye-stripes w^eixj 

I generally clearer and more distinct in the hopper stages of Hieroglyphvs than 

1 in the adult forms. 
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J: BELiMiNARY^ to cottoii Cultivation, two problems confront its grower^ 
(t) Ilow to delint the seeds, and (ii) how to secure earlier and more regular 
geiiiiination. Tlio dung treatment of fuzzy types, a common pi’a-ctice pre* 
valent among the Indian peasants, though it helps a clear broadcast, does 
neither delint the seed nor affect the germination process. The presence of 
fuzz on seeds handicaps geriiiiiiation and also interferes in the isolation of 
dead and shrivelled seeds from the stock. 

The importance of good germination is unique and in fact this phase is 
emphatically the most critical one in the plant’s life-span. It is here that tlie 

seeds either perish because of limited moistxire or rot due to excessive irriga- 
tion. A prompt and complete germination is, therefore, an essential pre- 
liminary to the future prosperity of plants, for it ensures, amongst other things 
a regular full stand, a complete elimination or reduction of weeds, a protection 
against heat of the sun and a uniformity in their growth. To oain 
this end, treatments like scarification [Rose, 1915], alteration in temperature 

irradiation [Singh and Choudhi-i. 
1938] and immersion in eliemicais [Denny, 1926 ; Archibald, 1927] have been 

attempted by various investigators. 

Unlike other crops, in cotton, a method that would supply the two essential 
needs detailed above would be of genuine economical worth and any stei) 
towards the achievement of this end would be an important addition to the 
success m the cultivation of cotton. Assuming that 90 per cent of cotton 
P™'® cellulose [Miller, 1931] which readily dissolves in ZnCU. 
’ Miller, 1931], the present investigation was designed 
to test the validity of this method of seed treatment towards deliiiting and 
obtaimng a more successful germination. 
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Method 

Pure strains of two cotton varieties, viz,, 0402 (Indian) and Perso-Ameri" 
can, after careful grading for uniformity, were soaked in an acidic solution 
of zinc chloride (zinc chloride dissolved in twice its weight of concentrated 
hydrochloric acid) contained in a pneumatic trough for durations of 2, 5, 10, 
15, 20, 30 and 60 minutes respectively. To ensure homogeneous action of the 
solution on seeds they were constantly stirred with the aid of a thick glass rod. 
At specified intervals lots of seeds were removed from the container with a 
glass spoon, and the acid solution drained off. The various lots were then 
transferred to sieves and subsequently washed under jets of running water for 
periods of not less than half an hour to remove completely the adhering acid. 
To provide basis for comparison of results, two types of checks were main- 
tained (i) dry and (ii) soaked. The set of dry seeds was not subjected to a y 
pre-sowing treatment while the seeds belonging to the other were soaked 
ill water for half an hour to balance the effect of water washing in case of treated 
seeds. Since ZnCl 2 . 2 HCl solution contained no water, a water-soaked control 
for duration of more than half an houi’ was considered without use. The exter- 
nal moisture from both the treated and the soaked control was wiped off* by 
putting the seeds in the folds of blotting papers. After another ten minutes 
the seeds were sown in big enamelled dishes under sand culture. The use 
of sand v^as preferred to ordinary soil in order to eliminate the effect of hete- 
rogeneity of the growing substratum, which would otherwise affect the ex- 
perimental observations. 

In all, ten sets of experiments were conducted with each of the two cotton 
varieties. In each set ten dishes were employed and in each dish 25 
seeds were sown. The various lots were examinecl every morning and evening 
and germination counts made which for a tacit appreciation of the data were 
computed per hundred and analysed statistically _using each dish, as a replica- 
tion. 

Results 

Delinting— Cotton fibre furnishes the best example of almost pure normal 
cellulose, hygroscox>ic in character and insoluble in ordinary solvents. Con- 
centrated sulphuric acid is said to dissolve it but gradually [Morinaga, 1926], 
The dissolution of fuzz was secured more readily on treatment of seeds with 
Zn0l2-2HC1 solution. It depended, however, to a great extent upon the va- 
riety of cotton investigated. In type C402, for instance, about three-fourths 
of the fuzz dissolved only after two minutes’ soaking, while complete delinting 
occurred after five minutes’ duration. Perso -American belonging to Jiirsutum, 
which is noted for its larger surface and greater fuzz than the desi, required 
obviously a longer treatment of ten to fifteen minutes’ duration for the entire 
removal of fuzz from seeds. In this case treatment up to five minutes was 
found to be insufficient to bring about this change. Approximately one- 
fourth of the fuzz after two minutes’ immersion of seeds and about half or 
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slightly more after five minutes dissolved in ZnCUMiCl snlntinn, which 
indicated the differential response of the two varieties. |)ossibly due to dilFeren- 
ees in the strength of fuzz and doss. 

Germination effects.-— In order to know the e(mij*arativ'e detiiils of secfl 
germination of the two types of cotton, the counts made every morning and 
evening on both the controls and the treated samples are presented in detail 
in Table I. 

Table I 


Comparative change,^ in germination of control and treated cotton seeds belonging 
to types 0402 and Per so- American 


Treatment 

1:^0. 

! of 
seeds 

j 

1 dumber germinated after an 

' i 1 I IJ ; 2 1 2^ 

iiitcrva 

1 of (day.-^) 

i 3^- ; 4 

! Total 

(Termi- 
nation 
eapad- 
ty (per- 
cent 

Dura- 
tion 
f)f gt r- 
raj na- 
tion 
(days) 

Control (dry) 

250 

0 

1 100 

! 

53 

c m 

20 

10 

10 

1 ^ 

! 0 

1 

103 

77-2 

1 3 

Control (soaked) . 


0 

I 27 

28 

1 37 

1 5 

3 

i 0 

1 0 

100 

4:0 -0 

i 

ZnCl 2 * 2 H.Cl 2 rains. . 

» 

SO 

125 

i 35 

3 

i 

0 

0 

i 0 

243 

97*2 

2 

„ 5 mins. . 


72 

128 

45 

0 

0 

0 

0 

0 

245 

98-0 

l-l 

,, 10 mias. . 

51 

78 

133 

32 

0 

0 

0 

0 

0 

243 

97-2 

u 

,, 15 mins. , 

n 

17 

188 

15 

10 

« 


0 

0 

230 

02-0 

2 

„ 20 mins. . 


0 

193 

23 

0 

2 

0 

0 

0 

218 

87-2 

21 

,, SO rains. . 


0 

132 

33 

17 

13 

■ 0 

0 

0 

195 

1 "S’O 

’ 2^ 

,, 00 rains. . 

j) 

0 

125 

33 

20 

10 


0 

0 

188 i 

75' 2 

2| 

Control (dry) 

! 

250 

0 

0 

'■ 

Perso- American 

18 ! 5 : 15 

15 


0 

60 1 

24*0 

31 

Control (.soaked) . 


0 

38 

58 

33 

7 

12 

5 

0 

153 1 

“61-2 

3.1 

ZnCl!i*2HC! 2 mins. . 

» 

12 

38 

53 

35 

5 

10 

2 

0 

155 

62-0 j 

3| 

,, 5 rains. . 


12 

43 

65 

88 1 

5 

7 

0 

0 

170 

68 -0 

3 

„ 10 mins. . 


15 

67 

43 

45 

S_ , 

17 

0 

0 

195 

7S'Q 

3 

„ 15 rains. . 


0 

52 

53 

15 

30 : 

23 

0 

0 j 

173 

60-2 

3 

„ 20 rain.s. . 



42 

58 

12 

17 . 

13 

5 

0 

150 1 

60-0 

, ' 3| 

„ 30 mins. . 


0 1 

43 

42 

20 

22 ■ 

5 

3' 

0 

135 1 

54-0 1 

' 31 

„ 60 mins. . 


0 

35 

48 ' 

12 

10, 

13 

0 1 

0 

118 

47-2 1 

j 

- 


It is well indicated that external emergence of the embiym did not take 
place simultaneously in all the sets and naturally, therefore " the percentage 
germination was to be affected. Even in those cases where sprouting began 
at the same time and on the same day, this aspect greatly differed from set to 
set. It was experienced that lots, where germination startedearlier or where 
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ii <to(kI many seeds germinated at tlie commencement of the process, usually 
crave sood account of themselves at the end. With a view to determining 


then the degree of reliance on such variations arising out of treatments, the 
essential data ai‘e subjected to critical statistical test and analysis of variance 
worked out as shown in Table II. 


Tatit.tc it 


Analysis of variance of germMation percentage 


Due to 

Degrees 

of 

freedom 

Sum of 
squares 

Mean 

square 

Ratio 

of 

varian- 

ces 

cm 





Blocks 

9 

637-1 

70-78 


Treatments . 

8 

26969-6 

3371-20 

83-27 

Krror . 

72 

2914-9 

40-48 


Total 

89 

30521-6 



P ersO‘ American 





Blocks 

9 

730-0 

81-11 


Treatments . 

8 

19440-3 

2430-00 

78-38 

Error , 

72 

2235 • 1 

31-02 


Total 

89 

1 

22405-4 




According to the above scheme, the ratio of variance due to treatments in 
both types of cotton is significant even at 1 per cent level. This would indicate 
that the differences noticed in seed germination were not mere chance variations 
but were the actual after-effects of seed treatment with ZnCl 2 . 2 HCL 


Out of the many cases thus experimented, those exhibiting the most 
pronounced variations from day to day in the two tyi)es of cotton have been 
plotted as daily total percentages (Figs. 1 and 2) to indicate more clearly their 
departure from the normah 
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Whereas it is evident that the treated lot began to germinate earlier and 
had a higher initial start, it is also noticed that the total percentage figures in 
the treated set by subsequent additions maintained consistently a level higher 
than the control. This is true for the majority of the doses tried in this in- 
vestigation though the degree of change was far too less in some cases 
than in others (Table I). Some heavier doses, for instance, those of one hour 
duration, did not yield promising data in this regard. 

A careful examination of Mgs. 1 and 2 further showed that soaking 
of seeds in water above had a profound influence upon their capacity to ger- 
minate, but this effect on the two types of cotton was dissimilar. The 
American variety showed better germmation than its dry control, while 
0 402 was adversely affected. The treated samples deviated so significantly 
from both types of checks that the ultimate effects could not be attributed 
to water treatment. 

For evaluating the relative significance of germmation data obtained 
with regard to different treatments, critical difference has been computed in 
each of the two oases and percentage counts arranged in descending order as 
shown in Table III. 

Table III 

Treatments arrange in order of effects produced 

0402 

Critical difference= 7 • 49 


Treatments 

6 

2 

10 

16 

20 

SO 

Control 

1 

60 

Control 

(mins.) 







(dry) 


(soaked) 

Gemiination 

98*0 

97*2 

97-2 

92-0 

87*2 

78-0 

77 ‘2 i 

76-2 

40-0 

percentage 







! 




Perso- American 
Critical difference = 6 • 34 


Treatments 

(mins.) 

TO 

16 

6 

2 

Control 

(soaked) 

20 

30 

60 

Control 

(di-y) 

Germination 

percentage 

78-0 J 

69-2 

68-0 1 

62-0 j 

! 

i 

■■ J 

61-2 j 

, 

60*0 

1 

54-0 

47*2 

24-0 


From the above table it is clear that most of the treatments produce signi- 
ficant effects with respect to dry control, wMle those ranging from two to 
fifteen minutes’ duration are specially noted for their high level of significance. 


Another fact of importance that could not escape notice was that the 
curves exhibiting total germination percentage for the treated lots (Figs. 1 and 
2) were characterised by greater steepness in the earlier than the later stages. 
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This fact was more clearly exhibited by the emwes for Indiari cotton than tliose 
for. the Aiiiericafi, where the germination was coinpaTatively gracInaL A 
perusal of Table I would further strengthen the point. In the ease of C402 
over 50 per cent of gerniinatioii oceiirredin every one of tiie treated sets within 
the first 2-1 hours of sowing inasmnch as some lots exliilnted even 80-84 
per cent. Thus, lots showing very high geriBination, on the first dav com- 
pleted the same witliin ■ another twelve hours' time after which fieriiirnation 
was^ constant in these sets. On this account such ( 3 iirves were almost ahriipi 
against the more smooth ones of the control where the percentages gerniinatioii 
was gradual though less, and covered a much longer duration. 

Considering the data collectively in several useful d:irections, e.p., speed, 
duration and capacity of germination (Table I), it is noted, that the suitable 
doses with regard to type G402 were those of two- to ten iiiinutes' duration, that 
of five ininiites yielding the best results. Such doses hastened germination, 
took a iniich shorter time to complete it, and initiated a very high percentage 
of seed to sprout as compared with ‘‘checks ’h The same was true for American 
cotton as well, where treatments for five to fifteen miniiteB were m,ore satis- 
factory than others while ilie one applied for ten miiiiites induced the best re- 
sults. Below and beyond the best dosages there was a gradual diminution in. 
the percentage capacity of germination of seeds which sprouted comparatively 
late and took a longer period to finish it. The great efficacy of the treatment 
of cotton seeds with ZnCl 2 . 2 HCI was, however, evidenced by the readiness 
with which this solution acted even after two minutes' application. 

In American cotton, the percentage of germination was usually greatly 
enhanced, even as miicli as 54 per cent as compared to its dry control while the 
duration was not much affected. In Indian cotton, on the contrary, though 
the percentage increase was only 20-21, the speed of development was high 
and the duration of germination almost halved. In fact the latter type is 
more acclimatised to the conditions of this 'country and hence as many a-s 
77 per cent of the seeds germinated even without any treatment, with much 
less scope .left for such treatments. Smaller increase in the percentage 
germination^ of type G402 following ZnCl 2 . 2 HCl immersion, therefore, should 
not be attributed' to the inefficiency of this solution. Rather, from many 
other view-points (cf, heights and dry matter accumulations) it appeared 
that type G402 was more advantageously affected by this pre-sowing treat- 
ment than Perso-American. 

Adbekbum 

Wliile the object of the present work was solely to determine the effective- 
ness of this method of seed treatment towards germination, which phase 
in itself is the - most important and critical one, measurements of the seedling 
growth were also made to know whether the effects produced, if any, were 
transitory or permanent. A large number of plants from each of the lots 
(which rendered fortuitous fit of observation very unlikely) were examined 
with^ regard to their heights^ accumulation of dry matter and other essential 
details. The average data obtained from these measurements have been 
represented graphically in Figs. 3 and 4. 
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It was observed that a ntmiber of control seedlings showed iiooi* develop- 
ment, drooping habit and scant growth. Also, a fair percentage of inortalifA* 
amongst them was evident after some time with little or no protruBion of tiie 
plumule. In treated sets, particular^ those the seeds of which were subjected 
to five, ten or fifteen minutes^ immersion, plants were invariably**' healthy, 
erect, firm and had a better stand. Such plants were also taller (Fig. 3) 
and accumulated greater dry matter (Fig. 4) than their respective controls. 
Of the t}5^es of cotton thus investigated, treated seedlings of C4o2 were radi- 
cally different from then controls. On the whole, the general trend of these 
observations w^as very much like those noted on germination. 

SUMMABY 

The data recorded in this paper were gathered to estimate the degree of 
delinting and gerniinatioii effeets in Indian and American varieties of cotton 
following seed immersion for various durations in ZnClg-SHCl. Tlie experi- 
ments were conducted in sand culture and the enquiry wliicli was proposed in 
the first instance to be restricted to the germination phase alone was later ex- 
tended to the determination of seedling growth as well. 

The solution used in this work readily dissolved the fuzz present on cotton 
seeds. The seeds of American type were found to be slightly more resistive 
where for complete isolation of the fuzz, 10 to 15 iniiiiites^ soaking was 
essential against five minutes in the case of type C402. Doses shorter than 
five minutes were insufficient to cause complete delinting. 

The germination process was greatly activated by ZnCl2.2HCI treatment 
of seeds. . Doses of five to fifteen minutes’ duration were very satisfactory in 
this regard. Such treatments initiated early start, higher percentage and 
parly completion of germination. Shorter or longer treatments induced 
gradual depletion in the germinating vigour of seeds from the optimal value, 
though in the majority of cases germination was still superior to the controls. 

The permanency of the eff*ects of these treatments was -well evidenced by 
the resulting seedlings which were taller and accumulated greater dry matter 
than their controls. 
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THE HOT FERMENTATION PROCESS FOR COxMPOSTING 
TOWN REFUSE AxND OTHER WASTE iMATERIAL^*' 

I. INTRODUCTORY 

BY 

0. N. ACHARYA, M,Sc., Ph.D., A.I.C. 

AND 

V. SUBRAHMANYAN, D.Sc., P.I.C. 

(Depai-tment of Biochemistry, Indian Institute of Science, Bangalore) 

{Received for publication on 29th March 1939)’ 

Since Huteh^on and Richards [1921] first worked out the scientific 
principles underlying the conversion of straw and other organic matter into 
synthetic farmyard manure, the question of composting waste materials— agri- 
cultural or town wastes — has been attracting a good deal of attention both in 
this country and abroad. Based on the essential principles of Hutchinson and 
Richards, but involving differences in technique to suit local climatic and 
labour conditions, the nature of the raiv material, etc., various processes have 
been standardised for the preparation of compost — e.g., the “ Adco ” process of 
Richards [192 1], the Indore process of Howard and Wad [193 1], Ihe “ activat- 
ed compost ” process of Fowler [1931], etc. Common features of the above 
methods are : 

(a) that they aim m ^ rapid and efficient disintegration of the original 
material by the addition of a suitable nitrogenous starter so as to promote 
rapid microbial development ; 

{b) that the decomposition is essentially aerobic and, generally, the com- 
post is turned over a number of times lo promote aeration; in some eases, 
even underground flues are provided to increase air supply to the inner 
portions of the heap [Eden, 1938] ; and 

(c) that the final aim is to obtain a well decomposed material, friable 
and easily broken down to a finely divided condition, generally broivii to 
black in colour and with a C : .N ratio near 10 :1. 

Eew systematic studies have been reported of the carbon and nitrogen 
transformations taking place in heaps composted under large-scale conditions 
of farm or town practice, a.od of the ultimate gains or losses of nitrogen occur- 
ring during such composting process. The accuracy of the data has, in general, 
been vitiated by the heterogeneous nature of the waste material — be it farm or 

^The investigations reported in this and the following papers of this series were carried 
out at the Indian Institute of Science, Bangalore, under a scheme ‘ for the preparation of 
cheap synthetic manure from town refuse and other waste material ’ financed by the 
Imperial Council of Agricultural Research. 

( 741 ) 




THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


town waste — and the difficulty of sampling involved while dealingTwith cart- 
loads of such heterogeneous material. The data, however, that have so far been 
presented [Ayyar, 1928, 193S] ; [Jackson and Wad, 1934] ; [Jackson, Wad 
and Panse, 1934] ; [Rao and Subrahmanyan, 1935] ; [Rao, 1936] have shown 
that in the ordinary methods of aerobic composting adopted in this country 
and elsewhere, heavy losses of carbon and of nitrogen occm* to the extent of 
40 to 60 per cent of the amounts originally taken. 

The loss of nitrogen is particularly serious in the composting of town 
wastes, street sweepings and night soil, the latter of which possesses a 
C : N ratio near 8:1. It is difficult to widen the C : N ratio of such a compost 
heap to the desired level of about 30 : 1 at the start, since the street sweepings 
in India contain a good proportion of leaves which are also rich in nitrogen. 
Under these conditions, the loss may easily amount to over 50 per cent of 
the nitrogen originally taken. Rao and Subrahmanyan [1935] found that 
when town-wastes were sprayed with emulsified or previously liquefied night 
soil over a number of days, the nitrogen content rose up to 1-2 per cent in the 
case of composts treated with night soil emulsion and to 0-7 per cent, when 
liquefied night soil was used. On making further additions of nitrogen on 
subsequent days, the nitrogen content remained stationary at the above levels, 
indicating a complete loss of all the added nitrogen. Losses of nitrogen from 
20 to 40 per cent are reported by Ayyar [1928, 1933] and Rao [1936] even 
while using inorganic nitrogenous starters such as calcium cyanamide, 
ammonium sulphate or sodium nitrate for composting purposes, in place of 
night soil. 

Apparently, the aerobic conditions of decomposition adopted in the above 
cases favoured excessive losses of nitrogen and of organic matter, especially 
when the mass was turned over at intervals to promote humification. A modi- 
fication, wherein the access of air could be controlled to a greater extent, but at 
the same time the humification of the material may be allowed to proceed, 
offered hopes of a better conservation of nitrogen and of organic matter. 

A method which promised to yield satisfactory results in respect of the 
above requirements was the hot fermentation method, first brought to public 
notice by Krantz [1925], who successsfully incorporated it in his well-known 
Edelmist process for the preparation of farmyard manure. 

Krantz recommended special equipment and a definite arrangement of 
packing the material and devised his method originally for the efficient storage 
and ripening of farmyard manure. Various workers [Ruschmann, 1027 ; 
Boctskaul, 1927 ; Fruwith 1928 ; vide also Cimningham, 1927 ; Jenkins, 
1935] have since tried the method for the production of farmyard manure from 
dung and stall litter and have claimed a higher conservation of nitrogen and of 
dr3r matter and a higher crop response for the method than is obtainable by 
the aerobic methods usually adopted. 

The essential principle underlying the hot fermentation process is that the 
material is allowed to decompose aerobically, under optimum conditions of 
moisture and nitrogen supply, for a limited period (about five or six days) 
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Prelimmary trials carried out by Shrikhande ei al. [19361 at Bangalore 
showed that the hot fermentation method was peculiarly suited to the compost- 

sulnhnt^^^jilf,^^''^ n organic nitrogenous starters such as ammonium 

sodium nitrate or organic starters such as night 
soil. 1 he data obtained {vide. Table I) showed that there was complete recovery 
iniriS method except in the case of calcium cyanamide, when the 

esnec a?iv VlO • Tl"^/ ’ increasing loss at narrower ratios, 

wfvf^ nf FI 1 " "pf-i matter, in the hot fermentation method 

were of the order of lo to 20 per cent. The high temperatures attained during 

fina/urn^nt/^uT®^ destroy fly-larvae and pathogenic organisms, and the 
odou/ ^ ^ obtained, even when night soil was the base, possessed no bad 


Table I 

Gompostitig of town refuse 


C I 3Sr ratio at tlie commencsznejifc 


Form of nitrogen added 
to refuse 


so: 1 



20 

: 1 


[ 

! 

10 

: 1 


j 

o 

s 

0 

f 

1 
ts 

B 

C' 

P 

1 I'otal nitrogen before corn- 
1 posting 

Total nitrogen after com- 
posting 

Per cent nitrogen in the 
finished product 

Dry matter recorded 

Total nitrogen before com- 
posting 

Total nitrogen after com- 
posting 

Percent nitrogen in the 
finished product j 

Dry matter recorded 

Total nitrogen before com- 
posting 

Total nitrogen after com- 
posting 

Pp^cent nitrogen in the 
finished product 

i 

1 

1 

1 

lb. 

Ib. oz. 

ib. oz. 


lb. 

lb. oz. 

lb. 02. 


Ib. 

lb. oz. 

Ib. Oz. 


Aiiiinoinum siilpliate . . { 

21G i 

3 12 

3 13 

1*79 

209 

5 12 

5 3 

2*49 

205 

8 12 

7 8 

3*G2 

Sodiimi nitrate . . . j 

216 

3 12 

3 13 

1*82 

237 

5 12 1 

4 14 

2*13 

240 

8 12 

0 3 

2-74 

Cai cium cyanamide . . 1 

1 

207 

3 12 

2 9 

1-19 

22S 

5 12 1 

5 0 

2*00 

224 

8 12 

6 0 1 

2*45 

Night soil . . . . j 

224 

4 9 

4 8 

1*47 1 


i 




... 

1 



Each cistern contained originaily 260 lb. of refuse 


In view of the encoTOaging results obtained in the preliminary trials, it 
was oeemed advisable to examine the method more critically ; to study the 
various factors influencing the efficacy of the process and to standardise the 

conditions for securing optimum decomposition ; to compare the hot fermented 


H 


744 


[IS.V 



744 THE INDIAN JOUENAL OF AGEICULTUKAL SCIENCE 

coniDOst with that obtained by aerobic methods in regard to manuiial effi- 
SScy by pot and plot trials as well as by laboratory analysis and nitrification 
tests.^ThKesultsofsuchinyestigations are presented m the succeeding papers 

of this series. 
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ESTIMATION' OF POTASH IN SOILS BY THE 
COBALTINITRITl METHOD 

BY 

T, RAJAGOPALAN, M.Sc. 

Assistmi to the. Government AgricuUmal Chermst, Agrimltmal Research 

Imtiimie, Ooimibatore 

{R.eeeived for publication on lltli November 1937) 

In tliis paper a.ii attempt lias been made to test the efficiency of the 
cobaltijiitrite mgtliod — volumetric and gravimetric — for t!.ie estimation, of 
potash in pure salts and in liydrochloric and citric acid extracts of soils, In 
computing the results, the formula, K^NaColNOglg .11^,0 of Aclclie and Wood 
[1900] has been employed. The results have been frecfuehfiy elieched with 
those obtained by tiie standard platinichloride (Liiiclo-Gladding) and per- 
chlorate methods. 

The method of Addie and Wood [ 1900 ] has been tested and niodified 
previously by several workers, chiefly by Driishel [1907, 1908], Bowser [1909], 
Deiinet [1929], Milne [1929], Van Evsselberg [1931], Hibbard and Stout 
[ 1933 ], Lewis and Marmoy [ 1933 ] besides others ; but due to variations in 
the technicfiie adopted by most of them, especially with regard to the riietliod 
of precipitation, the preparation of the reagent, tiie concentration of the solu- 
tion at the time of adding the reagent, the length' of time allowed before the 
filtration of the precipitate, the nature and reaction of the potassimn ■ per- 
manganate and tiie final treatment of the precipitate ivhicli. differed in com- 
position under certain conditions, the validity of the theoretical factor for 
potash based on Addie and Wood’s formula was doubted. An elaborate 
study of the several methods indicated that with more constant conditions of 
precipitation and titration of the resulting eompoimd with neutral, instead 
of acid — potassium permanganate — as in the case of DrusheFs procedure, 
concordant results could be obtained by adopting Addie and Wood’s formula. 
It WB.S also found that the cobaltinitrite method gave as consistent results 
as the other accepted ones and was at the same time considerably quicker. 
Removal of basic and acid I’adicals such as calcium, magnesium, sulphates, 
phosphates, etc. was found to be unnecessary. 

The preparation of the reagent and the details of the various experi- 
ments conducted, with the results obtained under' each, are set forth below, 

Expeeimental 

Preparation and properties of the cobaltimtrite reagent 

The reagent was prepared according to the method of De-Koninck [1899] 

as detailed below qq i,)a, 

Thirty grams of cobal^itrate are dissolved in 60 c. c. of water and mixed 
with 100 c. e. of saturated sodium nitrite solution (about 50 grms. in 100 c. 
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•water). The mixture is then treated with 10 c. c. of glacial acetic acid and 
■warmed for a while o'V'er a steam oven or water hath. The nitrous fumes 
evolved are then evacuated by means of a filter pump and the whole allowed 
to settle for 24 hours. The reagent is then filtered and kept in the dark in a 
coloured bottle. It is more sensitive than platinum cblopde : a drop of 0* 1 
per cent potassium chloride solution in 5 c. c. of water will give the reaction 
for potassium immediately the reagent is added. The reagent is quite stable 
for a fortnight but after this penod it is not reliable. 

Experiment 1 

Estimation of potash in pure, salts.— As a preliminary to the final applica- 
tion of the method to soils and artificial mixtures of potash, it was tested 
with pure analytical reagents with special reference to the infiuence of common 
acid radicals on potash estimations. The technique adopted for the volu- 
metric estimation was essentially that of Drushel [1907, 1908] which in brief 
is as below : — 

The solution containing potash is treated with an excess of cobaltinitrite 
reagent prepared according to De-Koninck [1899] and the whole mixture eva- 
porated to a pasty consistency in acetic acid medium on a water bath. The 
precipitate, after washing -uith 10 per cent acetic acid, is oxidised directly 
with standard Ni 10 ot N/-20 potassium permanganate and the potash 
estimated by adopting the factor 1 c. c. A^IO potassium permanganate = 
0-0008564 grm. of potassium oxide. 

For the gravimetric estimation, the precipitate is dried to constant weight 
in an air oven at 120°C. and the potash estimated by applying the conver- 
sion factor 0-2074 based on Addie and Wood’s formula namely, 
K2NaCo(N02)e .HaO. 

The results obtained for the various salts including potassium sulphate 
by the cobaltinitrite, gravimetric and volumetric procedures, as well as by 
the official platinichloride method (Lindo -Gladding) are given in Tables I and 
II, along with the percentage recovery of potash (KgO) under each, taking 
the theoretical value as the standard. 

Table T 


Eecovery of potash from pure salts by the platinichloride and Cobaltinitrite 
{volumetric and gravimetric) methods 


Salts Tised for analysis 

theoretical 

KjOhythe cohalti- 
nitrite method. 
Average of four 
determinations 

KgO by the 
platini- 
chloride 
method. 
Average 
of four 
determina- 
tions 
mg. 

K 2 O recovered 
! by the 

) Cobaltinitrite 

method 

1 

! KaO 

j recovered 
! by the 
^ platini- 

value 

mg. 

Gravi- 

metric 

mgms. 

Volu- 

metric 

mgms. 

Gravi- 
metric 
■per cent 

! 

Volu- 1 
metric 
per cent | 

1 

chloride 
method 
per cent 

1. Potassium chloride 
A. It. (KOI) . 

53*2 

52*8 

53*0 

52-9 

99*25 

99-62 

99*43 

2. Potassium phosphate 





99-68 

99-68 

99-36 

A. B. (KH ^POa . 

31*2 

31*1 

31*1 

31*0 

8. Potassium nitrate 

A.B. (KNOs) 

38-0 

37*7 

37*8 

37-8 

99-21 

99-47 

99*47 

4. Potassium sulphate 






99-75 

99*32 

a.e.(e;»so> 

44*1 

43-9 

44-0 

43*8 

99-55 
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Table JI 

Influence oj common add radicals on the mlnmeitic determinatiori qf Kfll by the. 
CohaUinitrite method 


Salts used for analysis i 

KgO 

theoretical 

value 

mg. 

KsO estimated, 
average of four 
: determlnatloiis 
‘ mg. ■ 

■ Deviation of the 
estiiiiutcd value 
froni tlie 
theoretical 
mg. 

4- or — 

I 

KgO recovered 

1 i^er cent 

1. Potassium cliloricle A. 11. (IvCI) . | 

53*20 

i 52*90 

—0*30 

99*44 

»> » » . j 

5*32 

; 6*30 

— 0*02 

99*02 

2. Potassium phosphate A. E. {KHgPOj)': 

31*20 

31 *00 

—0*20 

09*36 

» sj » » ; 

8*12 

3*14 

0*02 ; 

100*01 

3. Potassium nitrate A. E. (El^Oa) ' . 1 

38*00- 

87 ‘BO- 

■■ <—0*20. ■ i 

■ 99*47 

If 5$ JS • j 

3*80 

S' 77 

“■■-0*03 i 

99*21 

4. Potassium sulphate A. Pi. (KgSOa) . : 

44*10 

: 43*90 

■ —0*20 ! 

99*55 

J> n J» }f • ; 

4*41 

; 4*3S i 

—0*03 1 

t 

99*32 


Tlie figures show that the recovery of potash by the cobaltinitrite methods 
— volumetric and gravimetric — ^is not only quantitative but also agrees very 
closely with that of the standard platinum chloi'ide procedure. To test the 
accuracy of the formula of Acidic and Wood adopted during the course of this i 

investigation the following indirect experiment conducted. * 

Experiment 2 

Ten c. c. aliquots of pure potassium sulphate (K2SO4 A. R.) solution 
equivalent to 0 * 043 grm. potassium oxide were treated with 10 c. c. of cobalti- 
nitrite reagent and the ratio of K : Na in the medium varied from 1 : 30 to 
1 : 200 by adding pure sodium chloride solution. The precipitates obtained 
were dried at 120'^C. to constant weights and the potassium oxide calculated 
from Addie and Wood’s formula. The dried precipitates w^ere then dissolved 
in hot dilute hydrochloric acid and the potash estimated in the resulting 
solutions by the perchlorate method. The results obtained by both the 
methods are recorded in Table III. It may be seen that the results agree very 
closely with one another, thereby confirming the correctness of the formula, 
in spite of the wide variations in the ratio of K : Na from 1 : 30 to 1 : 200. 

Table III 


Gravimetric estimation of K^O by the cobaltinitrite and perchlorate methods 




KaO recovered by 

Per cent error in KaO recovery by 

Amount of K 2 O in the 
medium (theoretical value) 
(Mg.) 

Batfo of 
E;:Na 

1 Cobaltinitrite 
method (average 
of four 
estimations) 
(Mg.) 

Perchlorate 
method (average 
of four 
estimations) 
(Mg.) 

Cobaltinitrite 
method 
-h or— 

Perchlorate 
method 
d- or — 

KgSO^j — 10 c. c. equivalent 
to43*2mg. KaO . 

1 : 30 

43*3 

43*1 

+0*23 

—0*23 

Ditto 

i 1 : 40 

43*0 

43*4 

—0*46 

+0*40 

Ditto 

1 : 50 

43*1 

43*3 

—0*23 

i +0*23 

Ditto 

1:60 

42*9 

43*0 

—0*70 

1 --0*40 

Ditto 

1 : 75 

43*3 

43*2 

+0*23 

1 Ail 

Ditto 

1 : 100 

43*0 

43-3 

—0*46 

i +0*23 

Ditto 

1 : 200 

42*9 

: 43*1 

i 

—0*70 

1 , —0*23 
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Ex2^enment 3 

This was carried out to study the conditions affecting precipitation of 
potash, and the subsequent treatment of the precipitate. The results obtained 
under different conditions are recorded in Table IV. 

Table IV 


Potash estimation hy the cobaltinitrite {volumetric) method under different condi 
tions of precipitation and treatment of the precipitate 


iitj ■ :: 

: ! t 'i 

Nature of precipitation and treatment 
of the precipitate 

K2O 

(theoretical) 

(Mg.) 

XaO recovered 
(average of 
four 

determinations) 

(Mg.) 

Deviation of the 
estimated value 
from the 
theoretical 
(Mg.) 

Percentage 
error of 

KaO 

recovered 
+ or — 

'1 ' " 
li' i 

1, Solution containing potash eva- 
porated to a pasty consistency, the 
precipitate treated with KMnO., 
acidiJled with 1 : 1 HjSOi (10 c. c. 
for every 200 — 300 c. c. of KMnOd 
as finally diluted) 

21-() 

23-2 

1*6 

+ 7*40 


2. Evaporated the potash solution to a 
pasty consistency, treated the 
precipitate with cold KMnO^, raised 
the whole to a boil and then added 
10 c. 0. of 1 : 1 HjSOa as in 1. 

21-6 

21*8 

(:)-2 

-j-0‘92 


3. Solution containing potash concen- 
trated to 15 — 20 c. c. ; Cobalti- 
nitrite reagent added to the cold 
solution and the mixture allowed 
to stand for 24 hours ; the preci- 
pitate then treated with neutral 
XMnO^ at the boiling point, 
followed by the addition of 10 c. c. 
of 1 : 1 H2SO4 as in 1 and 2 

21-6 

21-9 , 

0*3 

+ 1*39 

ll 

4. Potash solution evaporated to a 
pasty consistency ; precipitate 
added to neutral ItMuO^ at the 
boiling point and subsequently to 
HjSOi (1 : 1) as in 1 and 2 . 

21-6 1 

21-4 

0-2 

— 0-92 


It is evident from the table that the treatment of the precipitate vith 
potassium permanganate acidified previously affects the results considerably , 
the percentage error being as high as 7, if the usual factor, 0” 0008564 gram 
potassium oxide is used for every c. c. of a deci-normal potassium permanga- 
nate. This difference in value may be due to the oxidation of the precipitate 
with acid permanganate instead of neutral, thereby affecting the potassium 
equivalent of KgO. In such cases, a new empirical factor has to be worked 
out to get at the real value of potassium oxide as has been done by Milne 
[1929]. 

Experiment 4 

Influence of common bases on potash estimation. — The individual in- 
fluence of iron, alumina and magnesium added as sulphates and calcium in 
the form of carbonate on potash values was studied by keeping the potash 
constant and varying the quantities of bases. The results presented in 
Table V go to prove the reliability of the method even under different condi- 
tions. The mixtures were prepared to conform to the minimum and maxi- 
mum quantities of bases that might be present in 50 c. c. of hydrochloric 
acid extract of 20 grms. of ignited soil made up to 500 c. c. The percentages 
of iron and alumina have been varied from 10 to 50 each and lime and that 
of magnesia from 0* 1 to 10. 
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Table V 


hifluence of bases on ike volmmtric estimation of K/) 61 / the cohaliimtrlfe unihod 



: 

i 

' Deviation of 

i*er ceiiL 


KgO added 

^ KgO recovered 

tlm KgO 

error uf 

Metalic salts used 

(average of 

rea^'ered from 

K sO 

(theoretical) 

four 

the tht'or(‘tieal 

rf‘eovere(l 



deterailiia- 

value 

4.. oi- 


(Mg.) 

lions) 

(Mg.) 


(Mg.) 

"f or — 


I 

i’Virroiis siilpiuite (FeSO^. 7HaO) eqiiivaleiifc to — 





1. O’iif) gill. Fe^Oa 

21 -GO 

21 - 76 

-hO-10 

-t-0-74 

0*0 gm. FegOg . - . 

21-60 

21-78 

-i-o-is 

-hO‘83 

0* i.> gm. I'CaO;, . - . . , 

21-130 

21-44 

— 0-16 


4. I’i) gm. Fe^Oa ..... 

21-00 

21-30 

— U-30 

—1*39 

II 





Aiumimimi sulphate CAlASOila-lSHaOl equi- 





valent to— 





1. 0-25 gm. AlaOa ..... 

10-8 

10-90 

H-0-10 

-1-0*93 

2. 0*5 gm. AigOa ..... 

10-8 i 

11-00 

-1-0 -20 ^ 
mt i 

•fi-S5 

Ml 

S. 0*75 gm. AijOa 

10-8 1 

10-30 

4. 1*0 gm,. ALOa ..... 

10*8 ! 

10-60 

—0-20 1 

—1*85 

Ill 

1 




Calcium carbonate (CaCO;,) equivalent to— 





1. 0*02gm. CaO 

10-8 

10*70 

—0*10 1 

—0-93 

2. 0*04 gm. CaO 

10-8 1 

10-60 

—0-20 i 

—1*85 

3. 0-08gm. GaO 

10-8 1 

10-60 

' —0-20 

—1-85 

4. 0-10 gm. CaO 

IV 

Magnesium sulphate <MgSO,j. 7Ha 0) equivalent 
to — 

1. 0-02gm.MgO . . . . . 

10-8 j 

10-90 

■fO-10 

-i»0-9S 

10-8 1 

i 10*70 i 

i —0-11) 

1 —0-03 

2. 0 *04gm. MgO 1 

10-8 

1 10*70 

; —0-10 

i —0*93 

3. O'OSgm. MgO . . . . . 1 

10-8 ! 

1 10-90 

1 FO-IO 

1 +0*93 

4. 1‘OOgm. MgO 

10-8 

j 11-00 

! +0-20 

! 4-1*85 


Experiment 5 

This was conducted to estimate variable amounts of potassium, oxide 
in the presence of different groups of bases when present in normal quantities 
as in soils. The experimental procedure adopted for the determination of 
potash in these complex mixtures is as follows : — 

The mixture containing potash is evaporated to dryness on a water 
bath ; the residue is then extracted with hot water and filtered. About 5 to 
10 c, c. of 10 per cent citric acid is then added to the filtrate depending on the 
amounts of iron and alumina present therein and the resultant mixture neu- 
tralised with sodium carbonate of similar strength. The neutralised solution 
is further rendered slightly acidic by the addition of strong acetic acid. Citric 
acid is added to avoid the precipitation of basic acetates^ especially irons by 
the free acetic acid in the reagent itself when the mixture is concentrated on 
a water bath. The potash solution is then evaporated to a jmsty consistency^ 
stirring repeatedly, especially towards the end, to break the crystalline mass 
adhering to the sides of the dish. After cooling, the precipitate is treated 
with 5 to 10 c. c. of 10 per cent aceric acid saturated with soclimii cobalti- 
nitrite precipitate of potassium washed with this solution and then filtered 
over a Gooch with an asbestos felt with a disc of Whatman No. 40 filter paper 
on it. For the preparation of the filter the asbestos was first digested with 
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potassium permanganate and subsequentiy with an excess of oxalic acid. 
The digested asbestos is further washed with distilled water till free from 
acid and then used. The potash in the precipitate is then determined voiu- 
metrically as in Drushel’s [1907, 1908] method, outlined already in the 
be ginnin g of the paper. From the values recorded in Table VI, it may be 
seen that there is practically no difference between the theoretical and esti- 
mated figures, considering the small quantities of potash handled. The 
percentage error works out to less than 2 in all cases. 

■ Table VT 

Effect of different groups of metallic radicals on the volumetric estimation of Kff) 

by the cobaltinitrite method 


Metallic salts used 


Deviation of 

K 2O recovered, the estimated Percent 
K3O added average of value from error of 

theoretical four deter- the K„0 

ruinations theoretical recovered 
, , , , (mg.) -f or — 

(mg.) (mg.) + or — - 


Ferrous sulphate equivalent to 0*3 gm. 
FCaOs 


II Ferrous sulphate equivalent to 0*3 gm. 
PeaOa 4- Aluminium sulphate equi- 
valent 0 • 3 gm. AlflOa 

III Ferrous sulphate equivalent to 0*3 gm. 

FeaOa + Aluminium sulphate equi- 
valent to 0*3 gm. AlaOa 4- Tricalcium 
phosphate equivalent to 0 • 02 gm. CaO 

IV Ferrous sulphate equivalent to 0*3 gm. 

FCaOfl 4- Aluminium sulpliate equi- 
valent to 0*3 gm. AlaOs 4- Tricalcium 
phosphate equivalent to 0*02 gm. 
CaO -i- Magnesium sulphate equi- 
valent to 0 *02 gm. MgO 


Experiment 6 

-dppZicffiiore o/iAeweiM to soifo.— A convenient aliquot portion (60/500 c.c.) 
of the hydrochloric acid extract of about 20 grms. ignited soil, prepared 
in the usnal manner is evaporated to drjmess on a water bath and the 
residue extracted with hot water and filtered. The resulting solution is then 
treated with 5 to 10 c. c. of 10 per cent citric acid, depending on iron and 
other bases present and the whole rendered slightly alkaline with 10 per 
cent sodium carbonate. The excess carbonate is neutralised with acetic acid 
till the mixture is distinctly acidic. The potash is then precipitated and 
determined exactly on the same lines as for the artificial mixtures, using 
iV/20 oxalic acid and permanganate for titration. For the experimental 
verification of this method, ten different soils representing important types 
from the various parts of the Presidency were taken, namely (1) black cotton 
soil, (2) garden soil, (3) paddy soil, (4) estate soil rich in organic matter, 
(6) orchard soil and (6) red soil. Potash is determined in hydrochloric acid 
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extracts of these soils both directly and after the removal of the bases by 
sodium Carbonate. The results obtained by these procedures were compared 
with those obtained by the usual platinichloride method, Lindo Gladding 
modification. From Table VII it may be seen that the results from all these 
procedxires agree with one another more or less very closely. 

Table VII 


Potash estimation by the cobaltinitrite {volmnetric) and platinickhride methods 

in HCl extracts of soils 


Types of soils used 

K,0 by the cobaltinitrite 
volumetric procedure 
(average of two determinations) 

; KaO by the 
platinichloride 
method^ — 
Lindo 
Gladding — 
average of two 
determina- 
tiong 
(mg.) 

Per cent recovery of KaO by 
the cobaltinitrite procedure 
over platiriicMoride method 

Without 
removing the 
baaea 
(mg.) 

Mter the 
removal of 
bases 
(mg.) 

In presence 
of bases 

In absence 
of ba.se5 

I. Black cotton soil—Xo. (1) 

14*46 

14*40 

14*50 

99*72 

99*31 

i» »» »> (2) 

12*32 

12*36 

12*40 

99*35 

99*68 

II. Garden soil — Xo. (1) 

18*70 

18*80 

18*87 

99*08 

99*63 

>» »» ft (2) . 

17*40 

17*38 

17*45 

99*49 

99*60 

III. Paddy soil—Xo. (1) . 

14*08 

14*18 

^ 14*10 

99*84 

100*56 

» » » (2) . 

12*18 

12*10 

1 12*12 

100*49 1 

99*83 

IV. Bed soil— Xo. (1) . 

7*60 

7*58 i 

7*62 

99*74 ^ 

99*47 

ft ft (2) . • 

10*06 

10*12 j 

10*10 

99*60 1 

100*20 

V. Estate soli 

24*12 

24*30 

1 24*20 

j 99*68 ! 

100*40 

VI. Orchard soil 

28*10 

28*18 1 

28*21 

99*61 

99*89 


2VOTE. — Figures represent potash in 100/500 c. c. of the BCl extract of about 20 grms. of ignited soil for each 
ey eriment. Iwo different soils were used to represent each of the types from I to IV except in the case of V and 


Til© metliod recommended above for hydrochloric acid extracts of soils 
is a deviation from those adopted by many investigators in the field in certain 
respects and attempt has been made to simplify the procedure. The removal 
of the bases by sodium carbonate before precipitation recommended by 
Bowser [1909] has been found unnecessary, provided the citric acid proce- 
dure is resorted to. The introduction of citric acid in the medium does not 
in any way seem to interfere with the precipitation of potash and its chief 
function is to keep iron, alumina, jihosphates, etc. in solution. 

The aliquot taken for the determination of potash in the above experi- 
ments are 100/500 e. c. portions of the hydrochloric acid extracts of about 
20 grms. ignited soil and these have been found very convenient to handle. 
To test the soundness of the method still further known quantities of potash 
in the form of potassiimi sulphate were added to 100 c. c. portions of the 
hydrochloric acid extracts of the typical soils and the total potash estimated 
volumetrically without removing the bases. A glance at Table VIII w^ill 
show that practically almost all the added quantities have been recovered, 
thereby confirmiiig the reliability of the method. 



iSB INDIAN JODENAL OB AGEICULTUEAD SCIENCE 


iix,v 


Table VIII 

Recovery of added potash from HCl extracts of soils by the cobaltinitrite {volu- 
metric) method 


Soils used 

K.O 
in soil 
extract, 
chloro- 
platinate 
method 

(mg.) 

KaO 
added 
to soil 
extract 

(mg.) 

Total 
KaO 
in soil 
extract 

(mg.) 

Total K 2 O 
recovered 
by the 
cobalti- 
nitrite 
method, 
average 
of two 
determina- 
tions 
(mg.) 

Recovery 
of added 
K 2 O by the 
cobalti- 
nitrite 
method 

(mg.) 

Per cent 
KaO 

recovered 

over 

theoretical 

Blach cotton soil . » 

X4-50 

5*40 

19*90 

19*88 

5*38 

99*63 

Garden soil * . . 

18*87 

5*40 

24*27 

24*24 

5*37 

99*44 

Paddy soil . , • 

U*10 

6*40 

1 19*50 

19*55 

5*45 

100*93 

Estate soil ♦ 

24*20 

5*40 

29*60 

29*62 

5*42 

100*37 

Bed soil . 

10*10 

5*40 

15*50 i 

15*51 

5*41 

100*20 

Orchard soil 

28*21 

5*40 

33*61 

33*56 

5*35 

99*08 


In the case of citric acid (1 jjer cent) extracts of soils, a convenient aliquot 
(containing 5 to 26 mg. of potash) from each extract is evaporated and ignited 
at a low temperature. The residue is dissolved in dilute hydrochloric acid, 
evaporated to dryness, gently ignited and extracted with 60 to 100 c. c. of 
boiling water. The filtered extract is rendered acidic with acetic acid and 
potash determined as in the ease of pure salts. Known amounts of potash 
in the form of potassium sulphate were also added to citric acid extracts of 
soils before evaporation and ignition and the recovery of added potash effected 
almost completely. The results obtained are presented in Table IX. 

Table IX 

Recovery of potash from citric acid {1 per cent) extracts of soils by the cobaltinitrite 

{volumetric) method 


Soils used 

TLtO 
in soil 
extract, 
chloro- 
platinate 
method 

(mg.) 

KaO 
added 
to soil 
extract 

(mg.) 

Total 

KaO 
in soil 
extract 

(mg.) 

Total KgO 
recovered 
by the 
cobalti- 
nitrite 
method, 
average 
of two 
determina- 
tions 
(mg.) 

Recovery 
of added 
KaO hy the 
cobalti- 
nitrite 
method 

(mg.) 

Per cent 
KaO 

recovered 

over 

1 theoretical 

1, Black cotton soil , 

8*63 

3*70 

12*33 

12*29 

3*66 

98*92 

2, Garden soil . • . 

9*38 

5*20 

14*58 

14*52 

5*14 

98*85 

8. Paddy soil 

5*76 

7*50 

13*26 ^ 

13*18 

7*42 

98*94 

4. Estate soil 

10*42 

6*40 

15*82 

15*75 

5*33 

98*70 

5. Orchard soil . 

5*84 

8*10 

13*94 

13*89 

1 8*05 ' 

99*38 

6. Red soil 

4*32 

10*80 

15*12 

15*08 

10*76 

99*63 


Note. — T he recovery of potash is almost quantitative in each case. 
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1. The cobaltinitrite method of estimating potash, both voiumetricallv 
and gravimetrically, has been tested with reference to simple salts, artificial 
mixtures of various bases, and acids, as well as hydrochloric acid and citric 
acid extracts of soils. It has been found reliable and quick within the ranees 
tried— 3 to 53 mg._ of potas.sium oxide. The volumetric procedure es- 
pecially may be of immense u.se in determining small quantities of potash, 
even below 1 mg. as are usually met with in citric acid and ammonium 
chloride extract.s of soils. 

2. The method is least expensive and can be applied in the presence of 
sulphates, phosphates and other bases and in these respects it has distinct 
advantages over the platinicliloride and perchlorate methods. 

3. A simple modified volumetric procedure of the method for the direct 
estimation of pota,sh without removing the bases in the hydrochloric acid 
extracts of soils has been outlined. 
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ABSTRACTS 


A New Species of Azotobaeter. Eobebt L. Starkey and P. K. I):e (Soil 

Scl, VoL. 47, No. 4, 1938) 

Durikg the course of an in¥estigation of nitrogen fixation in rice soils of 
of India several cultures of nitrogen-fixing bacteria were isolated. From two 
acid soils cultures were obtained wliicli were alike among themselves but differ- 
ent from any previously described species of Azotobacter, In consideration 
of these differences the organism was described as a new species, and named 
Azotobacter indicum. 

The two soils were more acid than those from which Azotobacter is com- 
monly recovered : Dacca soil of pH 4-9 and soil from Iiisein, Burma of pH 
5 • 2. The organism was isolated on silica gel plates containing sucrose. Pure 
cultures grew well in nitrogen-free media containing sucrose and glucose. 
Dextrin was not utilised. Although development was very slow upon maniiite, 
considerable amounts of nitrogen were fixed in a solution medium containing 
this material during prolonged incubation. In the presence of CaCOa growffh 
was very much depressed. 

In comparison with other species of Azotobacter the new organism grew 
very slowly ; visible growffh could seldom be detected before three to four days 
at the incubation temperature of 30^0. The smfface colonies were uniformly 
turbid and starchy in appearance, and were very much raised, round and dome- 
shaped. The colonies fused into mucoid masses wdien they was not well 
separated from one another. Development on solid media was characterised 
by the production of a profusion of slime which gave the cell material a very 
mucoid, gummy and tenacious consistency. It could be drawn out in long 
threads with a needle and was somewhat elastic. The material was at first 
colourless but became buff to reddish brown during incubation for three weeks 
or longer. 

The organism failed to grow on nutrient agar, or on peptone agar but 
developed slowly upon a medium containing both peptone and glucose and in 
other media containing carbohydrate in addition to nitrogenous organic 
mateiials. 

The cells were Gram -negative and motile and measured 0*5 — 1*2 x 
1*7 — 2-7|i. They differed principally from all other species of Azotobacter 
in that there were large fat globules in the cells. Generally there wrs one 
large globule at each end of the rod-shaped cells, but cells were also seen 
with only one terminal globule. A large portion of the cell, frequently more 
than one-half of the total volume, was occupied|by the fatty material. The 
cells changed very slightly in morphology during prolonged incubation in 
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nitrogen-free carbohydrate media but became abnormal in media containing 
certain nitrogenous materials. In the latter case some of the cells were much 
larger, whereas others were swollen, elongated, unsymmetrical, budded, or 
yeastlike. ISTo cysts or spores were detected under any condition. 

The amounts of nitrogen fixed by Az. indicum were comparable to those 
fixed by other species of Azotobacter. On silica gel plates, between 7 • 0 and 
9-8 mg", were fixed per plate containing 1-0 grm. of sucrose. In later tests 
there was an average of 6 • 0 mg. per plate with 1 • 5 grm. of glucose. Between 
3* 1 and 9 • 0 mg. of nitrogen were fixed per flask of solution medium contain- 
ing 1-5 grm. of glucose or sucrose where CaCOa was added. In later experi- 
ments without CaCOs there was much greater fixation; between 13- 6 and 
19 "4 mg. of nitrogen were fixed in solution media with glucose or sucrose and 
9-9 mg. with mannitol. 

Development in solution media was characterised by strong turbidity, 
by the accumulation of considerable sediment which increases as the incubation 
period was prolonged, and by the formation of a ring of slimy material on the 
wall of the flask at the surface of the liquid. There was no pellicle and prac- 
tically no evidence of pigmentation. {Authors’ abstract) 


Sodium Ferrocyanide as Dispersing Agent in Mechanical Analysis of Soils. 

Babadananda Chatteejee and Basanta Kumae Das 
. (/Soil jResearcA, Vol. 6, No. 4/5, page 227, 1939) 

The pre-treatment of soil with acid and the final dispersion in a highly 
alkaline medium in the mechanical analysis of soils are open to criticism. 
A procedure has been adopted in which these two undesirable treatments are 
omitted. The soil is treated with 6 per cent H 2 O 2 for removing the organic 
matter. It is then leached with about 600 c.c. of normal NaCl, then twice 
with 100 c.o. O-OIA"— NaOl and finally with distilled water. The final 
dispersion is made in 0-0021f NaiPe(CN)6 by shaking and the suspension 
is subjected to pipette sampling. It has been found that — 

(i) dispersion by Naire(CN)6 is as efficient as in the International- 
soda method, 

(m) final dispersion is affected at much lower ; and 
{Hi) even laterite soils can be efficiently dispersed by Na^FeiCNje 
at a jpH as low as 6- 47. 

The addition of increasing amounts of NaOH to ferrocyanide, thougli 
increases the pB. of the suspension, does not materially increase it dispersing 
action on the clay. The efficient dispersion of soils by Na 4 Fe(CN)g has been 
ascribed to the adsorption of polyvalent anions by the negatively charged 
oil colloids. {Authors’ abstract) 


NOTE 


f 
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NOTICE NO. 2 OP 1939 

f 

i ^ Plant Quarantine Regulations and Import Restrictions relating to thn 

, following countries have been received. Those interested are advised to 

* apply to the Secretary, Imperial Council of Agricultural Research. 

United States Department of Agriculture, Bureau of Entomology and Plant 
; Quarantine — 

1. White fringed beetle ciuarantine (ISTo. 72) 

2. Information for the press — Revised pink boll-worm quarantine and 
restrictions 

3. Service and regulatory announcements, October-December 1938 

i ^ 

Summaries of the Plant Quarantine and Import Restrictions, issued by the United 
. States Department of Agriculture, Bureau of Entomology and Plant Quaran- 

I tine of : — 

4. Albania 

f 5. British Gold Coast Colony 

I 6. British Colony of Ceylon 

j! 7. Kingdom of Italy 

I 8, Commonwealth of Australia (Supplement No. 2) 

I 9. Chosen (Korea) 

I Kingdom of Yugoslavia (Supplement No. 4) 

i 

I plante*^*^'^'^ regarding the Regulations for the prevention of disease amongst 


I? 

I' 
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REVIEWS 


The Eape of the Earth : A World Survey of Soil Erosion. By G. V; Jacks and 
R. 0. Whyte. Faber and Faber. 2ls. 

Judging from the large amount of concrete evidence produced in many 
{ other countries of the drier tropics and semi-tropics, soil erosion iiiiist be ac- 

. cepted as a serious fact and not a mere subject for dialectics and debate. It is 

not confined to tiie United States oi America nor is it aiiother Ainerican news- 
I paper man’s publicity stunt, although American papers continue to give this 

j subject good front page value as news. It is proved by this book, if proof were 

I needed, that almost every country of the world is suffering to some extent from ■ 

I preventable soil losses and that India is undoubtedly one of the worst sufferers. 

I The aiitliors who are both recognised authorities each, in his own field, Jac,ks 

as a soil chemist and Whyte as a grassland ecologist, consider that a national 
I catastrophe due to soil erosion and its dreadful eonsec|iie,iices is perhaps more 

f imminent in South Africa than in any other country. General S,niuts, 'quoted 

in this book, has stated that '' erosion is the liiggest problem confronting the 
country, bigger than any polities In spite of the publicity focussed upon 
this subject in America the authors consider that the African continent must 
|i now take the foreground for erosion news va.lue ' In tlie United States of 

;; America the federal and states governments are teaching the friiiiers to g,rapple 

( with local phases of the erosion problem and this work is now going forward on 
an immense scale and in an orderly and organised firsliion,, whereas in Africa 
the need for soil conservation measures is even more urgent but the problem 
cuts across the social customs of diverse races, the habits of life of ignorant and 
suspioious pastoral tribes, conflicting interests of innumerable forms of goverii- 
J ment, and demands of white and black populations, sometimes mixed, some- 

times segregated. 

But where does India stand between these two extremes and how can 
Indian land-use practices be improved in the lig.ht of this newly acquired 
knowledge ill these other continents ? This is -what the authors say of India: 
“ Over much of India the people have accepted a slowly deteriorating environ- 
ment as part of the scheme of things ; the vast majority is probably unaware 
that erosion is occurring.” This is imfortiinately a painfully true statement, 
and makes the introduction of control measures a much more difficult task 
than in countries where every farmer is able to understand the danger and 
willing to take Ms share in erosion control measures. 

Of the two great causes of erosion damage, grazing is given considerably 
more space than field cultivation for the world as a whole and for India in 
particular, but this does not necessarily reflect the importance of their relative 
contributions. The actual steps necessary to obtain control of soil erosion are 
already known, but it is quite another matter to put them into effect against 
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the opposition of conservative and suspicions villagers. The social repercus- 
sions of attempts at control of grazing are usually much more serious than in 
the more straightforward issues of field crops and plough-lands, and as due 
weight is given to this very important side of the work, the control of grazing 
on wild lands is dealt with in considerable detail. The authors agree that 
constructive work can best be done on a basis of self-help and free labour contri- 
butions, because provincial governments can hardly be expected to undertake 
this for each of the thousands of villages which require attention. The two 
main heads for village activity to be dealt with, preferably through their own 
Co-operative Society or Panchayat, are : (1) to develop fodder resources for 
local live-stock, and (2) to improve wild lands so as to conserve moisture and 
reduce run-off. Common and useful lines of attack are : — the replacement of 
grazing by grass-cutting ; rotational closure of grazing land ; partition of 
skamlat or common waste land ; intensive improvement of natural grasslands 
by means of ‘‘ gully plugging ’’ with small checkdams of any material which 
may be locally available ; contour ridging and trenching to encourage better 
grass growth on ground closed to grazing ; determination of the correct graz- 
ing incidence for local types of bush and grass ; development of tree fodder 
supply with controlled rotational lopping ; encouragement of green fodder 
crops and silage ; and most important of all, the reduction of herds by a cam- 
paign for fewer and better cattle. 

To most of our readers, however, the main interest is probably in control 
measures as applied to field crops, and it is interesting to read these experts' 
opinions. Great emphasis is laid on the need for imitating the American drive 
for soil conservation measures in plough-land, but they point out the dangers of 
slavish copying of unsuitable or untried methods . Much can be suggested from 
an empirical knowledge of control measures used elsewhere, but the great 
need in India at the moment is to work out a local technique for the many 
variations in crops and types of soil and slope, particularly as affecting local 
recommendations for contour ridging {watt-bandi) practice. The local method 
of bund-building varies from place to place according to the caste of the culti- 
vator. For instance a J at village can be trusted to have a large percentage of 
its fields properly watted while neighbouring Rajputs and Gujars may not even 
have started. When the use of the ox-drawn wooden scoop or harah is 
universal in the rest of the Punj ab why is it almost entirely unknown in a com- 
paratively central area such as Guxdaspur ? 

At the moment there is considerable enthusiasm amongst civil officers for 
advocating watt-bandi without sufficient knowledge of the serious effect upon 
certain crops through the buildmg of large field watts or bunds. Cotton, maize 
and bajra, for instance, are liable to suffer badly from sun-scorch if they stand 
for two or three days in water which has been caught behind a two-feet high 
bund. The reviewer recommends as a safer alternative for such crops to mul- 
tiply the number of parallel bunds and make them much smaller and closer 
together, say six inches high and eight to ten feet apart, so that the water 
caught behind each will have seeped away in a few hours. In the case of light 
barani soils used for winter wheat and left as a bare fallow in summer, there is 
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no danger wIiateYer in building larger bunds fiirtJier apart ; the urgent point 
. here is. to get t,}ie fa„llo,w ploughed before the monsoon breaks and to keep it 

^ broken by two or three siibseqnent monsoon plotighings to ensure good seepage. 

I' The book under review issues repeated warnings on t.he subject of bare fallow, 

' but so^far India has not found any panacea for the sheet erosion from fallow^ 

* fields like the LeS'pedeza now used in some variety or other for sowing on fallow 

I ^ great parts of the United States of America. Here lies a brilliant 

opportu,nity for the Provincial Agriculture Departments to work out their own 

* villagers’ salvation by finding a cheap and handy leguminous or grass 
plant which could be ^ sown on fallow to protect the soil from the onslaught of 

j monsoon storms ; it sjioiild also produce some fodder and improve the soil when 

J ploughed in as a green manure. 

It is interesting to re.ad that in almost every country it is the method of 
land tenure that forms the worst stumbling-block to the introduction of control 
in plough-la.nd.s. Tenant farmers never seem to get the best out of the land, 
because it tends to deteriorate when it is worked without considering the long- 
i term consequences. Short leases prevent the use of soil-improving crops or of 

I a rotation of crops. It would appear therefore that improvement lies in the 

hands of the Land Revenue staff because the patwari^ guided by the revenue 
I assistant, can^ bring some weight to bear on such problems. The existing 

^ revenue staff is, however, fully occupied with its routine work and can hardly 

be expected to undertake extra tasks. Another possible alternative is to 
enlarge the scope of the special co-operative staff which now handles the eonso^ 

I lidation of holdings, and make it responsible for the partition of shmnlat and 

|| encouragement of waU-bandi. In many of the foothill villages coiisolida** 

I tion is of practical importance only in the intensively cultivated home-fields 
nearest to the dwelling, tvaU-bandi is badly needed in all the rest of the out- 
field land, while partition may be desirabie in the shamlat to encourage the 
creation of hay-fields or the reclamation of gullied waste. 

A part of the authors’ soil conservation recommendations which has been 

i sadly neglected so far in India is tree shelter-belts. A great deal of shelter-belt 

planting was undertaken in Russia in the more arid parts of the wheat-growing 
steppe some 60 years ago and the results have been so satisfactory that the 
Soviet is now carrying out a programme for establishing nearly 900,000 acres 
of shelter-belt in their current Five Years’ Plan. The United States of America 
is also forging ahead with its million acres of planting in the Great Plains 
shelter-belt project. In the Californian citrus-growing districts which are simi- 
lar in many respects to the irrigated fruit farms of the Punjab, shelter-belts are 
consideipd absolutely essential ; 10 per cent of the area of each Californian 
garden is usually kept under wind-break trees and as much as 40 rupees per 
orchard acre is budgetted for wind-break maintenance. With the extremes 
of heat, drought and cold which the Punjab experiences it is surprising that so 
little attention has been paid to this question, and throughout India there is a 
great need for the closer union and co-ordination of forestry with agriculture in 
dealing with the everyday problems of the cultivator. This book should be 
in the hands of everyone who is in any way responsible for the growing of plants 
and the produce of the soil. [R. M. G.] 
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[IX, V 


Fruit Juices and Related Products. (Technical Communication No. 11 of the 
Imperial Bureau of Horticulture and Plantation Crops, East Mailing, 

Kent, England). By V. L. S. Chaelet, and T. H. J. 

Hareison, 1939. Figures 49. Bibliography 118. 

Price 6s. 


Whbthee we have suddenly developed sense, or whether the old slogan 
“ an apple a day keeps the doctor away ” has at last struck home, is im- 
material. The fact remains that we do eat more fruit and that more fruit 
is being produced. Market quality standards have become higher and 
growers are now faced with the problem of how to dispose satisfactorily of 
fruit which does not come up to the accepted standards of size or colour, 
though otherwise perfectly good. Among processes offering a solution, 
that of unfermented juice production has long commended itself to fruit 
producers in Europe and the U. S. A. 

Hitherto, though short articles on different aspects of processing have 
been available since 1914 in the annual reports of the Long Ashton Research 
Station, lack of precise information on the exact technique employed has 
checked progress in England. 

It has remained for Charley to give under one cover a complete detailed 
account of the manufacture of apple juice based on his knowledge of the 
latest foreign methods and on his own continued investigations at Long 
Ashton. 

In the present bulletin he deals with the manufacturing process in detail, 
starting with the selection of the fruit and taking us through every stage in 
turn up to the disposal of the final product in bottle, can or other type of 
dispenser. He does not confine his remarks to any one process but gives 
particulars of different methods found satisfactory and discusses their merits. 

Further he deals more briefly with such other fruit products as grape, 
citrus and soft fruit juices, cider, fruit wines, etc., with the concentration of 
fruit juices by hot processing, by freezing and by spray drying, and with the 
disposal of pomace. 

He describes methods of analysing juice for the determination of specific 
gravity, total acidity, tannin, alcohol and sulphur dioxide. 

Finally he discusses the suitability of particular metals and alloys for 
the construction of the requisite apparatus, the clear illustrations of which 
add greatly to the usefulness of the publication. 

But the problems of juice production do not, unfortunately, begin and 
end with its manufacture, and the economic and nutritional aspects are 
equally important. We are, therefore, grateful to Harrison for his concise 
and adequate treatment of them in the first twenty pages, 
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He shows that a ,permaB.ent juice industry on a large scale can only 
be develop'ed wliere large supplies of raw material are availalhe eacli 3 "ear 
at a reasioiiable price. The cost of manufacture is not small, and if sales are 
to grow it is essential that retail prices should be reasonably' low so as to 
compete with other drinks. This means that distiibiitioii costs must be low 
and that the industry must depend essentially on its home market. Here 
regulations are necessary to protect it from competition with synthetic pro- 
ducts. 

The iiiitritiFe^and therapeutic qualities of fruit juices are discussed at 
sufficient length to show’- tlieir great Talue, not. only to cliildren and invalids 
and for the treatment of gastric troubles, but also in tlie diet of the nomal 
health j adult. 

A short glossary is included for the use of the less expert, and this together 
with tlie comprehensive index should make the information readily accessible 
to all. 


The Action and Use of ColcMeine in the Production of Polyploid Plants. By 
J. L. Fyfe. Issued by the Imperial Bureau of Plant Breeding and 
Genetics (for Crops other than Herbage), Cambridge* 

Pp. 10. Price Is. 

The discovery of the action of the drug colchicine on nuclear division, 
making it the most reliable agent yet used in the production of polyploid plants, 
has excited great interest even in laymen and is of importance to those work- 
ing on the cytology or genetics of plants. 

The Imperial Bureau of Plant Breeding and Genetics, Cambridge, has 
issued a bulletin on the subject, summarising the already^ faiily extensive litera- 
ture. This bulletin begins by explaining the chromosome doubling ; next 
a detailed account of the action of colchicine on mitosis and meiosis is given, 
followed by summaries of the results obtained from the use of colchicine for 
producing polyploid plants. The action and use of acenaplithene, which the 
Russian workers have shown to be a similar agent to colchicine are also des- 
cribed. Particular attention has been paid throughout to treatments and 
dosages and some recommendations are given w^Mch should be helpful to those 
contemplating the production of polyploids. All the literature appearing up 
to the end of January 1939 is included and listed in a bibliography of 38 
references. 


BiMiography of Baking Quality Tests (Supplement). Issued by the Imperial 
Bureau of Plant Breeding and Genetics (for Crops other than 
Herbage), Cambridge. Pp. 10. Price 1^. 6d. 

The valuable Bibliography of Baking Quality Tests ” issued by the 
Imperial Bureau of Plant Breeding and Genetics in 1934 has been brought up to 
date by the publication of a supplement which contains titles of papers from 
1933 to 1938 inclusive, 
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Some of the papers noted haye been abstracted in “ Plant Breeding Abs- 
tracts ” but many, Lcause of their specialist nature, have not been reviewed 
but vdll thus become available to workers on the subject. 

A note of volume and abstract number in the margin indicates where an 
abstract may be found in “ Plant Breeding Abstracts The Jtles axe arrang- 
ed alphabetically according to authors and, given sufficient demand, fur her 
supplement are promised from time to time. 



ORIGINAL ARTICLES 


FUETUER STUDIES ON THE INHERITANCE OF LEAF 
SHAPE IN ASIATIC Q0SSYPIU3IS 


3. B. HUTCHINSON 
R. L. M. GHOSE 


BHOLA NATH 

Institute of Plant Industry, Indore, Central India 
(Received for publication on 28th March 1939) 

(With one text-figure) 

OOOTEHTS 

Page 

INTBODUCTIOK . 

Data ■ . . \ ‘ 

Discussion AND summaey’ ' ' ' 

Befebences . ' ^ LVz 

■ 

Inteodtjctiok 

Ik a previous paper by the senior author [Hutchinson, 1934] on the 
x^eritance of leaf shape m Asiatic cottons, a theory of the organkaSon S 
the pne was put forward to account for the relationships betwien meZil 
of the leaf shape multiple aUelomorph series. Accordirig to the theory L^' 
(lacmiated) carries four episomes on a single protosome, and L (narrow) cawies 
one only Intermediate allelomorphs cairying two or three episomes shouTd 
be possible, and a search was made for them in the extensive coUection of 
Indian tj^es of G. arboreum var. neglectum (classification accordinc^ to Hutchin 
son and Ghose [1937]) maintained at Indore. A new alelom^h was lotS 

Data 

1090 is a narrow-leaved type of Q. arboreum var. nealecturr) T+ boo 
deeper cut sinus, giving a higher index A than types 
morph but about the same lobe width (and index B). (For^d^lifitions Sfb' 
leaf mdices used, see Hutchinson [1934]). 1090 resembles Burm! laciniated 

and differs &om strains carrying L in having no accessory lobes Tihe 

( 765 ) 
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1090 was crossed with Cawnpore White and 1304, two of the strains used 
in Hutchinson’s [1934] earlier investigation on leaf shape, and also with 
narrow and broad-leaved strains isolated from a brown-linted form of G. 
arboreum var. neglectum known as ‘ Kokati Small Fj families were grown 
and the ranges in leaf index are given below. 



Index A 

Index, B 

j 

1090 X 0. W. . • . , . . , . I 

3-9-5-8 

3-7-4-3 

1090 X Kokati narrow . . . . . j 

4-1-6-6 

3-3-4-6 

1090 X 1304 J 

i 

3-6-.5-2 

2 -8-3 -2 

1090 X Kokati broad . . . . , j 

4-5-5-2 

3-1-3-4 


In the Fj accessory lobes occurred only rarely. 

F.,’s and back-crosses to either Cawnpore White or Malvi 9 were grown. 
Correlation tables of index A and index B are given in Tables I-IV for F„’s 
and VI-IX for back-crosses. The 1090 X C. W. and 1090 X 1304 F,’s and 
back-crosses were grown in 1935-36, and plants were classed as either with 
or without accessory lobes, those having occasional accessory lobes, as in the 
Fi, being classed as without. The Kokati crosses were grown in 1936-37, 
and were divided into three classes, with accessory lobes, without, and with 
occasional accessory lobes. In the tables, totals are given for accessory lobes 
present (_-f), absent (0), and occasional (?) for both index A and index B. 
The leaf index of narrow leaves (L, L** and ) varies considerably with the 
season and the stage of development at which measurements are made. There 
are conpquently considerable differences in the mean indices of L"* and L 
classes in different years and to some extent between families grown in the 
same year. Accurate comparisons of indices are therefore only possible 
between classes in the same family, unless the material has been growm under 
specially controlled conditions. 

In F./s and back-crosses of crosses with L strains (Cawnpore White and 
Kokati narrow) the correlation between index A and index B was much 
lower than in L x crosses ( -f 0-40 and -f 0- 17 against -f 0-86). Segre- 
gation was much more pronounced for index A than for index B, and plants 
with accessory lobes had a low index A, while those without, or with only 
occasional accessory lobes had a high index A. Overlapping occurred as 
would be expected, but the difference in index A betw'een plants wdth acces- 
sory lobes and those with few or none is large and clear! In index B, as 
would be expected from the similarity of the parents, there was little evidence 
of segregation, and only a small difference betw-een the accessory lobe classes. 
Segregation in index A was not sharp enough to allow of the separation of 
the two classes but it seemed probable that a close approach to the correct 
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classification would be obtained by taking tlie ‘no accessory dobes’ 
^dOTbtfur as representing the 1090 and heterozygote classes, and the acces- 

^ 1 Qnm-iTia.rip..ci fiTP .cnveii below. 


Accessory lobes 

] 

Present 

Doubtful i Absent 

33 

i 97 

8 

•• i ® 

106 

66 1 268 

29 

* 1 1 _ 

11 i 20 

O . 1 QVl/l 1 


1090 xC.W. — 

(1090 X O.WjC.W. . . 

1090 X Kokati narrow — r 2 . 
(1090 X Kokati narrow) M9 


The ratios oDijaincu. agicv x 

The Kokati parent carried the lint colour gene h^ed with The leaf shape 
if’-riia QllpInmoTBli series. If 1090 carries an allele in the Ii series, in F 2 
Se 1090 leaf class should be predominaifily white linted, and the Kokati 
leaf class nredominantly brown linted. Frequency arrays of index A for 
hrown a.nrl white linted classes separately in Fj and back-cross 
SXen atlS bottom of Tables II and VII. It ^ be seen that the white- 
linted class had a higher index A on the average than the brown-hnted class, 
King t?at the segregation in index A was due to a member of the L series 

linked with lint colour. _ 

F progenies were grown from 58 F., plants of 1090 X C.W and were 
classified b^ eye into nafrow like 1090 and narrow like 0 W., and for presence 
or absence^of accessory lobes. Frequency arrays of index A and index _B of 
nlrents of F, progenies are given in Table I. F, progemes were of three kinds 
hoSozygous high index A, no accessory lobes (12 progemes , segregating for 
index A and accessory lobes (33 progenies), and homozygous low index A with 
inde , V n ^ nToveniesl The proportions are close to the expected 

aocessoiy ^ ^ ^ progenies were classified by eye, and though a satis^tory 

aiproLn a 3 : 1 ratio las reafized in segregating progemes 
crarded as being very accurate, and details are therefore omitted. _ Of th 
parents of F /s, all which gave homozygous high index A had a mean ^ 

li 6-98 and no accessory lobes. Heterozygous F, plants had 
A of 5-25. Out of 33 plants, 29 had no accessory lobes, and 4, with index A 
at 3-3. 3-9 4-2 and 4-3 had accessory lobes. Of the plants which gave 
homozygous L progenies, one had an index A of 8-0 and no accessory lobqs. 
It is difficult to account for this unless there was some error in labeUi^. Th 
other 12 had a mean index A of 3- 56. Nine of them had accessoiy lobes and 
three, with iadex A at 3 • 7, 4- 5 and 4- 6, had none. Mean index B was 4-0 
for ail three; classes. In index A the heterozygote was almost exactly .hafr 
way between the homozygotes, showing no dommance. The development of 
accessory lobes is shown to be a fairly accurate test of the genotype, classifica- 
tion into "being correct in 88 per cent of cases. In any case 

the Fa behaviour demonstrates single-factor inheritance conclusively. 
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In Fg’s' aEd back-crosses of crosses with, I strains, index A and index B 
were positivelj correlated, and taking the two together, a satisfactory distinc.- 
Mon can be made between the 1090 plus heterozygote class, and the I class. 
The plants were classified for accessory lobes and the and 1 classes had 
none or only a few doubtful cases. In the 11 class about half the plants had 
them. Segregation was sharper in index A than index B, however, as -would 
be expected, since t,he difference between the parents was much, greater in 
index, A than in index B. Segregation for lint colour occurred in the Kokati 
cross. The leaf shape and lint colour segregation are summarized, below 


Cross 

Broad 

Li 

Narrow 
and inter- 
mediate 

■ 

Total 

1090 X 1304 — Fa . . . . 

39 

. . 

114 

152 

(1090 X 1304) Q.W. . 


17 

22 

39 

1090 X Kokati broad — P 2 — 





Brown ..... 

52 


132 

1 255 

White . . . ■ . , : . 

1 ■ 4 ^ 


67 

(1090 X Kokati broad) M9 

14 j 


23 

37 


Three of the plants measured for leaf shape produced no lint, so the Hnt 
■colour— leaf shape totals do not exactly match the leaf shape tables. Crossing 
over per cent = 24* 8 in Fg. The leaf-shape ratios closely approach the expect- 
ed 3 : 1 and 1 : 1 and the crossover percentage is not far from Hutchinson’s 
[1934] estimates in crosses involving the lint colour— leaf shape linkage. 
1090, therefore, carries an allelomorph of the L series. 

F^’s were grown from 37 Fg plants of 1090 x 1304. Apart from one abnor- 
mal progeny (discussed below), they were of three kinds, 13 progenies from 
plants with index A from 4*4 to 8*6 and index B from 3-0 to 4-6 wdiioh gave 
1090 type (L^) only, 13 progenies from plants with index A from 3*4 to 
8-4 and index B from 3-0 to 4-0 which segregated into approximately 3, 1090 
type : 1 broad, and 10 progenies from plants wdth index A from 2-0 to 3-0 
and index B from 2*2 to 3*0 which gave broads (1) only. The defect ol iiete- 
rozygotes from the expected i : 2 : 1 is satisfactorily accounted for by the fact 
that a larger proportion of plants with high and low indices than wdth inter- 
mediate indices was selected as parents of F^. 

One Fq plant with index A 5*8 and index B 4*2 behaved abnormally in 
Fg. Instead of giving 1090 types and broads onty, it gave 11 like 1090 : 5 
narrow. Four of those like 1090 w^ere grown to Two bred true and two 
segregated, giving 12 like 1090 : 14 narrow. Of four iiarro-ws, two gave narrows 
only and two gave 26 like 1090 : 19 narrows The labelling w^as carefully 
checked, and there was no evidence of error. 

'It is recorded, here as it seems likely that an L gene ajjpeared by muta- 
tion in homozygous ... 
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1090 was crossed with the Burma laeiniated type B L. The Fj was inter- 
mediate. Leaf measurements were taken and lint colour recorded on an Fg 
of 400 plants. A correlation table of index A and index B is given in Table 
V. The two indices were highly correlated. The 1090 type segregates were 
distinguishable with confidence in the field by their broader lobes and shallower 
sinuses. The field classification agreed well with the measurements. Inspec- 
tion of Table V will show that a group of plants with comparatively low indices 
(modes 5-0 index A and 3-6 index B) is separated from the rest by an area of 
low frequency. Dividing at the line passing through the area of low frequency 
gives 302 laciniated : 98 narrow, or very close to 3 : 1. This division agrees 
well with the eye classification, only six. plants judged to be laciniated falling 
in the narrow class by measurement (marked with* in Table V). The Burma 
laciniated parent was brown linted, so the linkage between brown-lint and 
leaf shape should result in a preponderance of brown-linted laciniated, and 
white-linted narrow plants. There were 24711*^8^: 65L^‘k: 61L?K : 37L^k 
giving 36 -5 per cent crossing over, and confirming the allelomorphism of 
and 


Discussion and summary 

It is clear from the leaf shape of the new allelomorph that no such simple 
scheme as that proposed by Hutchinson [1934] will fit the facts. The original 
hypothesis was successful in predicting the existence of other allelomorphs, 
hut the one found fails to fit into the series. Detailed discussion of the re- 
lationships between the allelomorphs can only be made when they have been 
transferred to a common genetic background and measured under strictly 
comparable conditions. Some preliminary conclusions can be drawn from a 
comparison of the leaf indices of the parental types given below : 


' I i 

' , . .A.±' 





, , Index A 

Index B 

Allelomorph 

Burma laciniated 

. . . 11-1 

6-0 

LL 

1090 

6-8 

3-8 * 

' 

Kokati narrow 

. . ^ 3;3 

3*9 

L 

Klokati broad . 

2*2 

2-5 

1 


Index A and index B do not run parallel, LN having a much higher index A 
and about the same index B as L types. This is borne out by the absence 
of segregation in index B in W X L crosses. The hypothesis can be modified 
to embrace the new facts by supposing that sinus length and lobe width are 
controlled by independent portions of the gene. 
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Table I 

Correlation between index A and index B in 1090 XC. W . — 

Index A Total® Parent® of Fg 

prog«nle8 



2*6 

2-8 

3-0 

3-2 

3-4 

3-6 

3*8 4*0 4-2 4*4 4*6 

4-8 5-0 

5-2 5-4 5-6 5-8 

6-0 

6-2 6 

• 4 

6-0 6-8 7-0 

7*2 

7‘4 7-6 

7*8 

8-0 8-2 8*4 8*6 8*8 

9*0 9*2 9*4 9*6 

•f 

— ^ 

0 

like 

1090 

het. 

h 


5*4 

... 







... 




... 



... 

... 

... 

... 

... 

1 

... 

... 

... 

... 



... 

»«• ••• ••• wa* 

... 

... 

1 

... 

... 

.. 


5-2 


... 










... 

... 


... 

... 

... 

... 

... 

.. 

1 

... 

... 

... 



... 



••• 

... 

1 


... 

.. 


6-0 


... 






1 




... 

... 


... 

... 

... 

... 

... 

.. 

1 

1 

... 

... 



1 

••• ••• 

1 

1 

4 

... 

8 

1 


4-8 


... 






... 

1 



... 

... 


... 

... 

1 

... 

1 

.. 

1 

... 

... 

... 



... 

1 1 



1 

5 

1 

1 

1 


4*6 

... 

... 






1 

1 

... 

... 

... 

... 



... 

... 

2 

2 


1 

... 

... 

1 



... 

1 



2 

7 

1 

1 

.* 

. ^ 

4-4 


... 






... 

1 



1 

2 

• •• 


1 

... 

1 


.. 

1 

... 

... 

... 



... 

... 1 

1 

1 

8 

1 

4 

.. 


4-2 


1 






... 

.. 

1 

3 

... 

1 


2 

... 

1 

... 

... 

8 

... 

2 

... 

... 

1 ... 

... 





3 

12 

2 

3 

3 


4-0 


... 

1 

3 



1 

3 

1 

1 

1 

... 

4 

2 

3 

1 

1 

2 

1 



... 

2 

... 



1 





8 

20 

1 

8 

8 


3-8 

1 

... 

3 

1 


2 

... 

2 

1 

1 

4 

1 

2 


... 

... 

3 

... 

1 

.. 

2 

... 

... 

1 

... 1 

... 

2 

««g 

10 

18 

4 

7 

3 


3-6 

2 

2 


... 



1 

... . 

... 

1 

... 

... 

2 


3 

1 

3 

1 

... 

1 

... 

... 

... 

... 



... 



• <%»* 

4 

13 

1 

3 

2 


3-4 

... 

... 

... 

... 

1 


1 


2 

2 


1 

1 

1 

... 

... 

1 

... 

... 

.. 

... 

... 

1 

... 

... ... 

... 



... 

3 

8 

1 

8 

• •• 

/ 

" + 

3 

3 

4 

4 

1 

1 


6 

5 

3 

3 

... 

... 


... 

... 

... 

... 

... 


... 

... 

... 

... 

... ... 

... 



• •• •«« ««« t«* 

33 

... 




i 

. 0 

... 

... 

... 

... 


1 

3 

1 

2 

3 

5 

3 

12 

3 

8 

3 

10 

6 

5 

5 

7 

3 

3 

2 

1 1 

2 

1 1 3 ... 1 

*•* ••• 2 

... 

97 




Hike 1090 

... 

... 

... 

... 

... 

... 

... 

... , 

... 

... 

... 

... 

... 

... 

... 

... 

3 

2 

... 

1 

1 

... 

... 

... 

1 ... 

1 

2 ... 1 

*•* 

... 

12 




liet. 

... 

... 

... 

... 

1 

1 

... 

1 

2 

3 

2 

2 

6 

2 

3 

2 

... 

1 

1 

1 

2 

2 

1 

... 



1 



•«» ••• 

4 

29 





1 

1 

2 

2 

... 

... 

1 

2 . 


1 

2 


... 

... 

... 

... 

... 

••• 

... . 

... 

... 

... 

... 

... 



... 

1 

*«» «•« 

10 

3 





Parents of P® progenies 
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Table II 

Correlation between index A and index B in lOBOxKokati narrow — 

















Index 

A 

JL. 














Total 





2-0 

2*2 

2*4 

2*6 

2-8 

3-0 

3-2 

3-4 

3*6 

3*8 

4-0 

4-2 

4-4 

4-6 

4-S 

5-0 

5-2 

5*4 

5*6 

5-8 

6-0 

6-2 

6-4 

6-6 

6-8 

7'^0 

“f 

? 

0 



r 4*8 

... 

... 

... 


... 

... 

1 

1 

... 

... 



... 


... 

... 


... 

... 

... 

... 

... 

... 

... 

... 

... 

2 

... 

... 



4*6 


... 

... 


... 

1 

1 

1 

1 

1 

... 

1 

2 


... 

1 


... 

... 


... 

... 



... 

... 

5 

2 

2 



4*4 


... 

... 


... 

2 

3 

1 

2 

... 

1 

... 

2 

5 

3 

2 

... 

1 

1 


... 

... 



... 

1 

6 

2 

16 



4*2 


... 

... 


4 

2 

3 

1 

3 

4 

3 

4 

8 

6 

5 

4 


2 

1 


1 

1 



... 

... 

9 

12 

31 



4*0 




1 

8 

6 

7 

4 

5 

3 

7 

11 

11 

3 

3 

3 

2 

1 

2 

1 

2 

1 



1 


27 

11 
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2 

6 

4 

4 

4 

7 

9 

12 

17 

10 

10 

5 

9 

4 

4 

1 

3 

2 

1 



... 

... 

16 

20 

78 



3*6 

... 

... 

1 

9 

3 

6 

3 

6 

6 

9 

12 

6 

S 

3 

4 

3 

4 

3 

1 

... 


2 



... 

... 

19 

14 

55 



3-4 

... 


1 

6 

2 

4 

1 

7 

2 

4 

3 

2 

2 

5 





1 

... 


... 



... 

... 

13 

3 

27 



3*2 

... 


3 

... 

2 

... 

3 

2 

... 

1 

1 

1 

1 

1 

2 

2 

... 

1 

1 

... 





... 

... 

6 

2 

14 



. 3-0 

1 


1 

... 

1 

1 

... 

1 

... 

... 

... 

... 

... 


... 

... 

... 





... 



... 

... 

4 


1 



+ 

1 


6 

15 

24 

18 

19 

11 

3 

4 

3 

... 

... 

1 

... 


... 


1 


... 

... 





106 





? 

... 


... 

... 

... 

... 

3 

6 

9 

7 

13 

10 

8 

3 

3 

2 

1 





1 






66 


Totals 

< 

0 

... 


... 

3 

2 

7 

4 

11 

14 

20 

23 

32 

36 

29 

22 

22 

9 

12 

7 

4 

5 

4 



1 

1 


... 

268 


1 

Brown 

1 


5 

18 

22 

17 

20 

24 

23 

27 

31 

31 

32 

24 

17 

14 

4 

7 

4 

4 

1 

1 




1 

328 

Brown 


1 

White 

... 


1 

... 

4 

8 

6 

4 

3 

4 

8 

11 

12 

9 

8 

10 

6 

5 

4 


4 

4 



1 

... 

112 

White 
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Index B 


Totals 
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r 4-6 
4*4 
4-2 
4-0 
3-8 
3-6 
< 3-4 
3-2 
3-0 
2-8 
2-6 
2-4 
I. 2*2 


• ■ {: 

{ like 1090 
het. 

S 


Table III 


Correlation between index A and index B in 1090 X 1304 — 

Index A Totals Parents of P» 

progenies 




1-8 2*0 2*2 

2-4 

2-6 2-8 3-0 

3-2 

3-4 3-6 

3-8 

4-0 

4-2 

4-4 4*6 

4-8 

5-0 5-2 

-A. 

5-4 5 

•6 

5-8 

6-0 6-2 6-4 

6-6 

6-8 

7-0 7’2 7*4 7*6 

7*8 8-0 

8*2 8-4 8-6 

8-8 9'0 

+ 

0 

Tike 

1090 

het. 

"“S 

1 


... 
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•• 
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•• 
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1 
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.. 
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1 
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1 
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1 

1 
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1 
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15 

4 
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1 

1 

1 

1 

1 

1 

1 

... 
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1 
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1 
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15 

3 
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1 

2 

2 

4 

1 

1 

4 


1 

4 
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1 
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5 

1 
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1 
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1 

1 
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I 

2 

1 
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4 

3 

3 

2 
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... 
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4 

18 
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1, 
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1 

5 

3 

1 

2 

1 
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1 

1 

1 
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... 
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8 

9 
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5 

2 
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9 
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1 
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4 

5 

6 

1 
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22 
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1 
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3 

7 

1 

3 

2 

1 
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7 

12 

9 

14 

5 

4 

12 

2 

6 

9 

3 

3 

1 

2 

2 

4 
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1 
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Table IV 


Correlation between index A and index B in 1090 X Kohati broad F.^ 
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Table V 

s of index A and index B in 1090 x JS, 


S'O 8*2 8-4 8-6 8*8 9-0 9-2 9*4 9*6 9*8 10-0 10-2 10*4 10*0 10*8 11*0 11*2 11*4 11*6 11*8 12*0 32*2 12*4 12*6 12*8 18-0 13^*'o'® It ^ ^ 
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THE G-ENETICS OF A PETALOID MUTANT IN' 


COTTON 


MOHAMMAD AFZAL 


SARUP SINGH 

Cotton Research Laboratory, Lyallpur 

(Received for publication on 7th April 1938) 

(With Plate XXXVIII) 

Iftboditgtory 

Mutamons in cottons are not of rare occurrence. Several mutations 
have already been described by various workers, and the work on the frenetics 
of such mutations has added a great deal to our knowledge of bereditv of this 
very important plant. One mutation occurred at the Cotton Research Static 
Ly^pur. and a record of its genetic behaviour is discussed in the preS 

The mutatmn in question was the occurrence of petaloid flowers in a 
pure strain of (?. ar6oreMm,/om« bengalensis var. sanguineum, neglecfa H & C4 
This pure strain had been grown at the Cotton Research Station, Lvallpur 
fOT ten successive pars from self-bred seed and had perfectlv normal flov4rs 
The mutation under discussion occurred, probably, duriim the vear 1933 

nknWOem'pl?'^ self^red sled of one 

plant (06/34 P 12) was grown at LyaUpur and the natural seed of the same 

wp grown simidtanepsly at the Cotton Research Sub-Station, Multan 
The progeny of this plant at both the jilaces exhibited three distinct types 
aL^n^r®’ ‘ complete ’ _ petaloid flowers, intermediate flowers 

and normal flowers in a ratio approximately to 1 : 2 : 1. Since the number 
during this year was only 14 at LyaUpur, not much reliance 

X f counting of plants of different types at 

Multan was, however, not done, 

Descbiption 

The mteme^ate and the ‘complete’ petaloid plants are absolutelv 
mdistingmshable from pe normal plants untU the flowers open. In ‘ com^ 
plete ^ptaloid plante almost aU the stamens are transformed^into structures 
rpeinbhng petals. Both the fllaments and anthers are dUated to form such 
tructures. This type of metamorphosis occurs right up to the top of the 
staminal column, leavmg just a few normal stamens at the top. These few 

( 787 ) 
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anthers produce perfectly viable pollen. The ovules in all cases are normal 
and it is possible to make reciprocal crosses between the normals, ‘ com- 
plete ’ petaloid and the ‘ intermediate ’ plants. 

In the intermediate plants the anthers are transformed into petal-like 
structures only on the lower half of the staminal column. The anthers on 
the upper half are normal and functional. 

The plants with normal flowers are like ordinary plants in all respects. 

The three types of flowers are represented in Plate XXXVIII. 


Liteeatubb 

Saunders [1910-11] in Petunia, Gregory [1910] in Primula sinensis, 
Miyake and Imai [1928] in the Japanese Morning Glory and Ramanathan 
and Sankaran [1934] in cotton have reported double flowers being recessive 
to normal. Hutchinson and Ghose [1937] have, however, reported that the 
dominance of normal in the case of cotton is incomplete. The segregation 
in: the Fg generation of the double flower in Primula sinensis, Japanese Morn- 
ing Glory and cotton has been reported to be in a monohybrid ratio, but in 
Stock a dihybrid ratio has been recorded. 

Experimental eesults 

From the mixed population of the 1935 crop, enough seed was selfed on 
the plants of all the three types, namely, normals, intermediates and ‘ com- 
plete ’ petaloids, in order to grow large progenies m the following year. Reci- 
procal crosses of normal X intermediate, intermediate x ‘ complete ’ and 
normal X ‘ complete ’ were also made. The self-bred seed obtained from the 
three types of plants and their reciprocal crosses was grown during 1936 and 
of their derivatives in 1937 and 1938. The analysis of the progenies from the 
Self-bred seed in the various years is given in Table I. 



Table I 

Classification of progenies of normal, intermediate and ‘ complete ’ petaloid plants 





Total 

Classification 


year 

Parent plant 

No. of 
families 
grown 

No. of 
popula- 
tion 

Normal 

Inter- 

mediate 

petalody 

Complete 

petalody 

Value of P of 
X* 

1936 

Normal 

2 

47 

47 



... 

1937 

Do. 

1 

18 

18 




1938- 

Do. 

1 

24 

24 



.... 

1936 

Complete petalody 

2 

38 



38 

... 

1937 

Do. 

2 

67 



67 


1938 

Do. 

1 

24 



24 

... 

1936 

Intermediate petalody 

3 

50 

11 

24 

16 

1;2: 1=0*70 

1938 

Do. 

6 

899 

106 

203 

90 

1;2; 1=0*7 


Intermediate 


.Noroiai 


I 


Complete 


Tiiree types of flowers after removing tlie calyx and tiie corolla 
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It -will be seen from Table I that the intermediate petaloid plants segre- 
gated m 1 : 2 : 1 ratio, while the complete ’ petaloid and the normal plakts 
bred true. Further corroborative evidence for monohybrid segregation was 
forthcoming from the crosses the data for which are shown in Table II. 

Table II 


Segregation in the progenies of the crosses 




No. of 
families 
grown 

Total 

Classirication 


Year 

Cross 

No. of 
pejpiila- 
tion 

Normal 

Inter- 

mediate 

petalody 

Complete 

petalody 

Value of P of 

193G 

jN'orroal x intermediate petalody 
and rciprocal 

4 

230 

126 

104 


1: 1==0-15 

1936 

Intermediate petalody x com- 
plete petalody and recipro- 
cal 

2 

114 


64 

50 

1 ; 1 = 0«2 

1936 

Normal x complete petalody 
and reciprocal 

4 

1 

202 

i 

202 



1937 

Ditto , j 

4 

606 


606 



1938 

( Complete petalody x normal) 

X normal 

2 

128 

67 

61 


1:1«0*6 


The evidence presented above shows that a single-factor difference was 
involved, but the dominance of the mutant character (complete petalodvl 
over the normal was incomplete. ^ ' 


Discussion 

The results presented above show definitely that the mutant petaloid 
plants differed from the normals by a single factor. The origin of this muta- 
tion is not very clear. Since self-bred seed had been used for ten successive 
generations prior to the occurrence of the mutation, it can be assumed that 
the material was homozygous in most characters. It can, perhaps, be assumed 
that the parent plant of 1934 became heterozygous by mutation and this 
escaped notice during 1934 . In 1935 the segregation in a 1 : 2 : 1 ratio was 
detected. 

The investigation reported here is of special interest in so far as the mutant 
petaloid condition is incompletely dominant over the normal flower. The 
investigators on the other plants have found such mutations recessive to 
normal. The dominance of ‘ normal ’ in the case of cotton has elsewhere 
been proved to be incomplete [Hutchinson and Ghose, 1937 , 1 ]. The mutant 
plants, both male and female, are fertile and are able to set seeds. 

Another important phenomenon noticed during this experiment was the 
weakeimg of the petaloid character with the advance of the season. In the 
beginning of the season when the plants were in the phase of active growth 
the flowers were completely petaloid. As the season advanced, this character 
weakened and by the end of October the complete petaloid plants could be 
distinguished from the intermediate ones of a month ago with great difficulty. 



— 
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This weakening of the petaloid character with the change in the season 
has already been reported by Miyake and Imai [1928] in Morning Glory. 
In cotton Hutchinson and Ghose [1937, 2] have also reported a similar pheno- 
menon when the ‘ orinlded ’ UrsvMm plants were grown inside the green- 
house. Thus the impact of the environmental conditions appears to have a 
far-reaching effect on these mutations. The explanation of this phenomenon 
can be found in the main mutating gene being attended by some modifying 
genes which find expression only in a limited set of conditions. This point 
^ important and is worth noting in classifications of progenies for genetic 
analysis. If the analysis is made rather late in the season the distinction 
between fuU petaloid and intermediate is likely to be lost sight of and lead to 
misleading ratios of the different types. A similar case has already been 
reported by one of us [Afzal, 1937] where serious discrepancies were liable to 
occur in the ratios due to the classifications of the progenies being done at 
the wrong time. 

Further work on this problem is in progress and the Madras petaloid in 
Karunganni cotton has been crossed with the Lyallpur petaloid. The data 
of this cross are so far incomplete and will be reported later. 

Summary 

The mutation of double flower in cotton discussed in this paper is of 
incompletely dominant nature. 

Both male and female gametes are normally functional even in the com- 
plete petaloid plants. 

Petalody in cotton constitutes a single-factor difference to normal and 
the inheritance is in the ratio of 1 : 2 : 1. 

Petalody becomes weak with the advance of the season, due, probably, 
to the interaction of modifying genes, which are effective only under a certain 
set of environmental conditions. 
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!• Mroduction 

The investigations of the blight disease of gram {Cicer arietimim L.) 
caused by Ascochyta rabiei Pass (Lab.) which is very serious in the Punjab 
were started in 1926. The work done on the study of the life-history, modes 
of perpetuation of the causal fungus and measures of control of the disease 
has been already published [ Luthra and Bedi, 1932 ; Sattar, 1932, 1933 ; 
Luthra, Sattar and Bedi, 1935j. The measures recommended to control the 
disease consisted in sowing healthy' seed and destruction of diseased plant 
debris from the fields. Butin order to check effectively the disease these 
measures have to be carried out thoroughly - in ■ cooperation by all farmers 

( 791 ) 
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in an affected locality. In practice, however, it has been found difficult to 
get them to adopt these methods. Under favourable conditions the disease 
has often assumed epidemic form and become widespread over gram-grow ing 
areas. Under these circumstances, therefore, the final solution of the problem 
of blight control was considered to be in the production of tjrpes of gram 
resistant to blight. In this connexion it was necessary, first of aU, to find 
out if the gram blight fungus in the Punjab consisted of any biological strains. 
Work was, therefore, undertaken to study the strains of Ascochyta mUei. 

II. Experimental 

1. Material AND METHODS 

About 2,000 isolations were made from diseased material of gram, con- 
sisting of branches, pods, seeds and leaflets coUeotedfrom different places 

Campbellpur, Rawalpindi, Jhelmn and Lyallpur. No indication was ob- 
tained that certain forms were exclusively confined to particular organs of 
the gram plant or to a particular locahty. In aU, six forms appeared to be 
distinct and these were included in the study. These are designated as A B 
C, D, E and P. ’ ’ 
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The following artificial culture media were used for lowing the riiffcrent 
forms. The nutrients were made up in one litre solution in distiltd u atlr ' 

RSlS,rds’^£L ■ ■ ■ and agar agar 20 pro. 

Richards agar . . . Sucrose 50 p., KNO 3 10 gnu, ^KH,PO, 5 gm.. 

Nutrient , . 01^, W 

Dolftagt .... Oi;oeTn.6^:,'^"„rjho,&,,g„,,^ 

•r> » agar agar 15 lyiii. 

Brownsagar . . • Glucose 2 asplragin “2 gm., K,PO, 1 • 25 gm. 

MgS 04 0*7o gm,, and agar agar 15 .grii. 

2. Study op the six poems in aetipioial cdltuee media 
(A) Microscopic growth features 

(i) Lineae geowth eate ; Effect of culture media.-The six forms were 
grown on the five culture media at 20“C. and the diameter of colony of each W 
was recorded on every alternate day. The relative groivth r^te of the sS 
forms on Richards’ agar is shown in Kg.l from which it will be seen that as 
regards Jameter of the colony the different forms fall in the order A. B C 
D, E and E where A has the greatest linear growth and E the least. 


Coneentration 

Fig. 2. Effect of concentration of culture medium (nutrient glucose agar) 
colony growth of the six forms of A. ratnei at the end of three weeks at 20°C. 
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Similar curves were obtained for the linear growth of these forms on 
oatmeal agar, nutrient glucose agar, Dolt’s agar and Brown’s agar, showing 
thereby that all the forms are fairly distinct with regard to their growth 
rates. 

Effect of concentration of the medium : — In order to test the effect of 
concentration of the medium, nutrient glucose agar was used. A range of 
concentrations from 4 A* to A/8 was prepared and the six forms were grown 
at 20°C. The diameter measurements of colonies of each form at the end 
of three weeks on the various concentrations of the medium are shown in 
Fig. 2. 

From Fig. 2 it is clear that all the forms have their maximum growth at 
: ; 2 A and their growth above this point falls. At aU the concentrations their 

i; order with regard to growth rate is the same as on different culture media 

' referred to above except a shght variation at A/8 where B and 0 have changed 

places. 




Temperature (®C.) 

Fig. 3. Effect of temperature on colony growth of the six forms of A. rahiei on 
oatmeal agar at the end of three weeks 

*JV’ means normal nutrient glucose agar, 2N means double the quantity of the 
nutrients in 1 litre solution and means half the quantities of the nutrients in 1 litre 
solution and so on* 
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Ejfect of temperature . — The various forms were grown on onfinonl !i"ar 
at 10°, 15°, 20°, 25°, 28°-30° and 35°C. for three weeks and the final eolony 
diameter of each form is shown in Fig. 3. 

From the results it is clear that the optimum temperatui-e for ffrowth 
of forms B, C, D, E and F is about 20°C. while that of A is about 25T. and 
the maximum for all the forms is between 30° and 35°C. 

jHere again at all the temperatures the various forms excepting B arrancc 
themselves in the same order with regard to growth rate as they do on 1 lie 
various media and on different concentrations of nutrient gluoo.se asar re- 
ferred to above. Form B maintains that order at 20°G. and 25°C., but at 
temperatures higher and lower than this range its growth falls more markedly 
than the other forms. 

{ii) Spoextlation (pycnidial formation): Effect of cAdkiremexlmm — 
The relative amount of pycnidia formation of the si.x forms after tiiree 
weeks’ grovrth on different culture media is given in Table I from which it is 
clear that forms A and D are characterized by profuse sporulation, forms G and 
E are moderately fertile, while forms B and F are rather poor spore 
producers. 

Table I 

Rdative amount of sporulation of the .six forms on four culture media 


rorm 

Eicbards* agar 

Xutrient 

glucose 

agar 

Bolt’s agar 

1 

1 Brown’s agar 

A 

4 4-1-4 

44 4 4 

4 4 4 

44 

B 

-f 

i + 

4 

4 

0 

444 

' 444 

44 

4 

D 

4444 

444444 

4 4 4 4 

4 4 4 

E 

44 

444 

44 

44 

F 

**” 

+ 

4 

4 


Abundant. 


Absent, -f — Scanty, + 4 - ~ Moderate, 4-4.4- = Good, 4.-^4- 4 = Yery good, 4-444.44. : 


Effect of concentration of medium : — ^The six forms were grown on 
different concentrations of nutrient glucose agar at 20°0. and the relative 
amount of pycnidial formation was recorded after three weeks. The results 
are given ill Table II. 

From the results given in Table II it will be seen that at N the sporula- 
tion of all the forms is the maximum, above this point sporulation decreases 
very rapidly so that at 2N forms B and F do not produce any pycnidia and at 
iN all the forms excepting D remain sterile. Below N the amount of sporiila- 
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tion decreases but not rapidly. It is noteworthy that at different concentra- 
tions of nutrient glucose agar just as on different media the forms B and P 
sporulate less abundantly than the other forms. 

Table II 


Relative amount of sporulation of the six forms on different concentrations of 

nutrient glucose agar 


Fonn 

4 iY 

2 N 

N 

JV /2 

NJ 4 : 

N/S 

A 

— 

+ 

44.4.4.4.4. 

4444 

444 

44 

B 

1 — 

— 

+ + 

44 

44 

4 

0 

1 ~ 

4- 

444.444 

+ + + + 

4-44 

44 

T> 

4- ■ 

4-4.4. 

4444-4444 

++++++ 

4444 

444 

E 

— 

4- 

4444 

444 

44 

4 

F 

— 

— 

Traces 

•f 

4 4 

4 * 


= Absent, -{- — Scjinty, -j-4" =* Moderat®, = Good, -["■f'-l — b ” Very good, « 

Abundstnt, =8'^' ©ry a,buiid8/Ht» 


Effect of temperature : — ^The effect of temperature on sporulation 
is recorded in Table III from which, it will be seen that the temperatures 
from lO'^C. to 25°0. are in general favourable for pycnidial formation for all 
the forms. At 30°C. form A sporulates profusely, forms B, C and P remain 
sterile, while forms D and E produce scanty pycnidia. Here again it is clear 
that forms B and P are rather poor spore formers. 



Table III 


Relative amount of sporulation of the six forms on nutrient glucose cigar at 

different temperatures 


Form 

10^0. 

IS^C. 

20 “C. 

25 * 0 . 

29 * 0 . 

35 * 0 . 

A 

444 + 4 + 

44444444 

++++++++ 

4444+4+4 

4444 



B 

4 

+ 

+ + + + 

444 1 

1 



c 

4 + 4 

444444 

++++++++ 

++++++ 

f _ 



B 

++++++++ 

4444444+++ 

+++++++4++ 

++++++++4+ 

4 


growth 

E 

4444 

444444 

++++++++ 

444444 

4 



F 

— 

+ 

44 

+ 

— 

- 



“ ~ Absent, + = Scanty, + 4 - == Moderate, = Good, + + 4 -+ = Verv sood. 4- + 4-4.4-4. 

Abundant, 4.4- + 4. + 4..]--}.. _ very abundant, 4- 4- 4- + 4- 4 4. 4- 4. 4. = Super-abundant^° ^ ^ 
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(iii) Aerial mycelirm : Effect ^ of culture mejlkm.-^Tlw relative 
aniount of aerial mycelium of the six forms on the four culture media at 
20 0. at the end of three weeks is given in Table IV. It will be seen from tliis 
table that of all the formSj form B produces thick, profuse aerial myceliuiri on 
all the media tried, while the other forms are characterized by meagre or no 
development of aerial mycelium. 

Table IV 

Relative amount of aerial mycelium of the six forms on different culture media 


Eorm 

liicbards* agar 

Nutrient giucose agar 

Bolt’s agar 

Brown’s agar 

A . . . . 

— 

Abundant to start 
with, but autolysed 
eventually. 

Abundant to start with, but aiitolysed even- 
tually. 

B ... . 

4.4.4. 

4 - 4 - 4 - 4 - 

-j- .4 

4 4. 

G ... . 

4. 

-- 

— 


B ... . 

— 



.... 

B ... . 

— 

— 




4 - 

4 - 

4 - 

4 - 


Absent, + =* Scanty, 4 - + = Moderate, 4- -}- -f = Good, 4- -f- 4. 4. = Very good. 

Effect of concentration of a medium. — ^The relative amount of aerial 
mycelium of the six forms on different concentrations of iiutrieiit giucose 
agar at 20°O. after three weeks’ growth is given in Table V. Though at N 
and lower concentrations forms B and F only produce aerial m 3 ^celium, yet 
at 2N and 4:N, the other forms also develop this character. 

Table V 

Relative amount of aerial mycelium of the six forms on different concentrations of 
'nutrient glucose agar 


Form 

4 Y 

2 N 

A 

A72 

XU 

A/8 

A 

++++ 

4 - 4 - 4 - 

— 


— 

— 

B . . . . 

4 - 4 - 4 --f 4 - 4 - 4 - 4 - 

4 - 4 - 4 - 4 - 4 - 4 - 

4 - 44-4 

4 4 

4 

4 

c .... 

4- 4.4.4- 

4 - 

~ 

— 

— 

1 

n . . 

4 - 

4 

— 

— 


1 

E ... 

. 4. 4. 

4 

1 — 

— 

— 

— 

F . . 

+ 4-4.4 

444 

44 I 

i 

4 


■— 


— = Absent, + = Scanty, 4-4- = Moderate, +4-4- = Good, 4.4-4-4. = Very good. 4- 4. 4- 4- -f := 
Abundant, 4-4-4-4-4-4-4.4- = Very abundant. 

Effect of temperature, — ^The effect of temperatures varying from 10 
to 30®G. was studied on the production of aerial mycehum by the six forms. 
At all the temperatures form B produces profuse aerial mycelium, form F 
scanty, while the other forms do not develop any aerial mycelium. 
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{iv) Colony colohb. — The colony colour of the various forms after 
three weeks’ growth on different media at 20°C. at the end of three w'eeks is 
given in Table VI. 

Table VI 

Colony colour of the six forms on different culture media 


Form 

Eiehards* agar 

f 

Nutrient 

glucose 

agar 

^ Dolt’s agar 

Brown’s agar 

A 

Deep mouse grey 
to dark mouse 
grey 

Almost black . 

Pale pinkish buff 
before autoloy- 
sis, pale flesh 
after autoloysis 

Pale mouse grey 
to light mouse 
grey, with a 
pinkish hue 

B 

Mouse grey to 
smoke grey 

Greyish olive . 

Deep olive buff | 

Smoke grey 

C 

1 Black 

Black 

Black 

Black 

D 

Light pinkish 
cinnamon 

Pinkish cinna- 
mon 

Pinkish buff 

Pinkish buff 

E 

Pallid mouse 

grey to deep 
mouse grey 

Black 

Olivaceous black 

Black 

F 

Vinaceous pink 

Pinkish buff 

Pinkish buff 

Vinaceous pink 


It will be seen that though the culture medium exerts a noticeable 
influence on the colony colour, yet the change is of degree only and the various 
forms remain fundamentally unaltered on the different media, except form A 
which on three culture media, viz. Richards’ agar, nutrient glucose agar and 
Brown’s agar, produces almost the same colour, but on Dolt’s agar exhibits 
different colour altogether. 

{B) Microscopic growth features 

Cultures of the six forms grown on oatmeal agar for three weeks at 20°C. 
were used for microscopic studies given below. 

One hundred pycnidia and 100 pycnospores of each form were measured 
at random. 

(i) Pycnibia.— Pycnidia of the different forms are generally round when 
single, but of irregular shape when in aggregation. The peridium consists of 
polygonal pseudo-parenchymatous cells. The ostiole may be present or 
absent in cultures. The pycnidia of forms A, B, C, E and F are deep olive 
in colour but those of D are pinkish buff. The size of 100 pycnidia of each 
of the six forms is given in Table VIL 



Total 


Variation asoocsyta rabiei (pass) lab. 

Table Vn 

Size of pycnidia in microns of the six forms on oatm eal agar at 20°C. 

“ microns Mean in microns 


30—240 X 30—210 
105 — 330 X 105—270 
75—330x60—300 
75 — 480x75 — 480 
90—375x75—300 
45—285x45—225 


116x 100 
207X188 

181 X 160 

250x223 

219X197 

132X119 


— — J 

The data on the size of pycnidia were examined statistically and the 
analyses of variance are given in Tables VII (a) and VII (b). ^ 

Table VII {a) 

Analysis qfmriance of length of pycnidia 


Due to 

Blocks 

Treatments 

Error 


Degrees Sums 

Mean, square 

freedom squares 


7m- 95 
mi54-02 
38350*78 
179830*75 


813*99 
26830*80 
' 852*23 


Table VII (6) 

Analysis of variance of breadth of pycnidia 


Du© to 

Blocks 

Treatments 

Error 


Degrees 

of 

freedom 

Sums 

of 

squares 

Mean square. 

■ 9 

6010*30 i 

667-81 

, 5: 

111707-30 

22341-46 

45 

36293-50 

806-62 

, 59' 

154011*10 




86o 


THE INDIAN JOUENAL OF AGEICULTUBAL SCIENCE 



[IX, tl 

From Fisher’s 2 -table it is clear that if the results are to be significant the 
mean square due to treatments should be at least 3-45 times the mean square 
due to error. Hence the results are highly significant in both cases. Further 
analysis of each form was made and the results are that as regards length of 
pycnidia, the differences between A and B, A and 0, A and D, A and E, B and 
0, B and D, B and F, 0 and D, C and E, C and F, D and E, and E and F are 
significant, but the differences between A and F, B and E, and D and E are 
not significant. As regards breadth of pycnidia, the differences between A 
and B, A and 0, A and D, A and E, B and D, B and F, 0 and D, 0 and E, 
C and F, D and F, and E and F are significant, while the differences between 
A and F, B and C, B and E, and D and E are not significant. Thus with 
regard to length of pycnidia, the forms can be grouped as follows : — 

(i) A and F 

(ii) C 

{in) B, D and E 

With regard to breadth of pycnidia they fall into two groups 
(i) A and F 
{ii) B, C, D and E 

{ii) PycNOSPOKES. — The pycnospores of all the forms are hyaline, gen- 
erally single-celled, oval to oblong with muticle ends. About one per cent, 
pycnospores with a faint medium septum are observed in culture. 

Size.— The size of 100 pycnospores of each of the six forms is given in 
Table VIII. 

Table VIII 


Size of 100 pycnospores of six forms on oatmeal agar at 20°O. 


jp’orm 

1 

Length in microns 

Width in 

microns 

Length 

Width 

Range 

Mean | 

Range 

Mean 

A 

5-10 

1 8-1 

3 - 5 - 5-0 

4-0 

2 

B 

4-17 

11-78 

2-5-6-5 

4-68 

2-6 

C 

1 4-16 

10-01 

3 -0-6 *6 

3-95 

2-6 

D 

4-24 

1 11-66 

2-5-6-5 

4-0 

2-8 

E 

4-16 

11-28 

2-0-6-0 

4-29 

2-6 

E 

3-18 

12-68 

3-0-10-0 

6-23 

2-4 
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The data on the size of pycnospores were examined statistically and the 
analyses of variance are given in Tables VIII {a) and VIII {b). 

Table VIII {a) 

Analysis of variance of the length of pycnospores 


Due to 

Degrees of freedom 

Sums of squares 

1 Mean square 

Blocks 

9 

4*95 

0*55 

Treatments ' 

5 

121-29 

24*25 

Error 

45 

40-04 

0*909 

Total 

1 59 

! 

167-18 



Table VIII (6) 

Analysis of variance of the breadth of pycnospores 


Due to 

Degrees of freedom 

Sums of squares 

Mean square 

Blocks 

9 

0*65 

0*07 

Treatments 

5 

10-38 

2*07 

Error 

45 

3-72 

0*082 

Total 

59 

14*75 



From Fisher’s 2 J-table it is clear that if the results are to be significant 
the mean square due to treatments should be at least 3 ' 45 times the mean 
square due to error. Hence the results are highly significant in both the 
cases. 

Further analysis of each form was made and the results are that as 
regards length of pycnospores, the differences between A and B, A and C, 
A and D, A and E, A and F, B and 0, 0 and D, C and E, 0 and F, and E and 
F are significant, whereas differences between B and D, B and E, B and F, 
I) and E, and D and F are not significant. As regards breadth of pycnospores 
the differences between A and F, B and C, C and F, D and F, and E and F, 
significant, but differeuces between A and B, A and C, A and D, A and B 
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B and D, B and B, B and F, C and D, 0 and E, and D and E are not signi- 
ficant. Thus with regard to length of pycnospores the forms can be grouped 
as follows : — 

(i) A 

(ii) C 

{Hi) B, D, E and F. 

With regard to breadth all the forms are identical. 

Shape . — ^The ratio length/width of the pycnospores of the six forms is 
given in the last column of Table VIII. This ratio is the smallest in form A. 
Therefore its pycnospores tend to be oval. Length/width in form D is the 
largest, therefore its pycnospores are somewhat rod-hke and slender. Form 
F has the longest pycnospores which also have the greatest width and, therefore 
they tend to be more oval than oblong. Form 0 has its pycnospores inter- 
mediate both in length and breadth and thus most of its pycnospores are 
oval to oblong. 

Germination . — Germination of pycnospores of aU the six forms is negli- 
gible (only 1-2 per cent) in distilled water. They germinate well in W/25 
to NjlOO malic acid and thus the results already recorded by Sattar [ 1933 ] 
are confirmed. Gram leaf extract, which in addition to malic acid also con- 
tains some other nutrients, is better than malic acid for their germination 
but as the gram leaves are not available throughout the year and composition 
of gram leaf extract is variable, Nj 50 malic acid was used for germination 
tests. Data on the percentage of germination and length of germ-tubes are 
recorded in Table IX. 

Table IX 

Germination studies of the six forms in malic acid at 20°G. at the end of 

16 hours 


Average germ- 
tube length in 
microns 


Percentage of 
bicellular 
spores 


Form] 


germination 
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With regard to the mode of germination all the strains are almost identical. 
Germm^ion was found to have commenced after four hours in nearly all the 
forms. By the end of eight hours a large percentage of spores had germinated. 

It \rill be seen from Table IX that the length of germ-tubes of spores of 
• double that of spores of the other forms, which are almost 

identical m this respect. During germination about 2-12 per cent spores of 
forms D, 0, D, E and E become bicellular but only 0 • 5 per cent pycnospores of 
form A develop a median septum. 

(in) Mycelittm.— W ith regard to colour of mycelium under the micros- 

copG tli6 varions forms fall into two distinct groups. 

(1) Mycelium almost hyaline or colourless. 

(2) Mycelium highly pigmented. 

To group (1) belongs form D which has delicate and almost colourless 
and sparsely septate mycelium. To group (2) belong all the remaining forms. 

^ black forms A, 0 and E nearly the entire fungal mat consists 

of highly pigmented (deep olive to dark olive), closely septate and sparsely 
branching mycelium. In the case of forms B and P the aerial mycelium 
remains hyaline for some time but becomes deep olive in the end. However 
the compact fungal mat underl 3 dng the aerial mycelium is always dark. 

3. PATHOaENIClTY 

Por testing the pathogenicity of the various forms, potted gram {Cicer 
arietinum) plants of Punjab types 1-26 were inoculated by spraying spore 
suspension of the various forms. After inoculation the plants were kept 
covered for four days with disinfected glass bell-jars. Ail the forms except 
A produced infection on all the types of gram inoculated. Each form that 
caused infection was re-isolated from the diseased plants and it was observed 
that each form after having passed through the gram plant maintained its 
individuality. The symptoms and the amount of infection caused by the 
five foims, B, 0, D, E and P on all the types of gram inoculated were similar. 

It therefore appears that the five forms B, C, D, E and P are biologicallv 
indistinct. ^ 

m. Discussion 

The cultural as well as the morphological characters of the six forms 
A, B, 0, D, E and P which have been studied are summarized in Table X. 

Prom Table X it is evident that form A differs markedly from all the other 
forms, excepting P, in respect of size of pycnidia and from all the other forms 
in respect of length of pycnospores, germ-tube length, linear growth rate, 
response to temperature and its non-pathogenicity on gram plants. This 
form, therefore, does not belong to the species Ascochyta rahiei. It only 
occurs as a saprophyte on gram. 
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Table X 

Summary of the cultural and morphological characters of the six forms 


Form 







Character"'--^ ' 

A 

B 

0 

D 

E 

P 

Linear growth on Bicharda* 
agar after 22 days in mm. 

75 

62 

52 

46 

40 

33 

Optimum temperature for 
grdwth (“C.) 

25 

20 

20 

20 

20 

20 

Sporulatlon 

Profuse 

Poor 

Moderate 

Profuse 

Moderate 

Poor 

Aerial mycelium . 

Poor 

Profuse 

Meagre 

Nil. 

Meagre 

Meagre 

Colony colour 

Deep mouse 
grey 

Mouse grey 

Black 

Pink 

Mouse grey 

Pink 

Size of pycnidia in microns . 

116x100 

207X188 

181X160 

250 X 223 

219x197 

132x119 

Size of pycnospores in 
microns. 

Septation of pycnospores 
before germination. 

8-1X4-0 

11-7X4*6 

10*0X3*9 

11*5X4*0 

11*2x4*2 

12*6x6*2 

100 per 

cent uni- 
cellular 

99 per cent 
unicellular 
and 1 per 
cent bi- 
cellular 

99 per cent 
unicellu- 
lar, 1 per 
cent bi- 
cellular 

99 per cent 
unicellu- 
lar. 1 per 
cent bi- 
cellular 

99 per cent 
unicellu- 
lar, 1 per 
cent bi- 
cellular 

99 per cent 
iinicelluiar, 

1 per cent 
bicellular 

Percentage of bicellular 
Igpnospores after germina- 

0-4 

8*0 

2*0 

7*4 

9*6 

11*8 

Genn-tube length in microns . 

128*9 

57*0 

59*0 

59*4 

55*2 

47*8 

Pathogenicity on Punjab ! 
type (26) of gram. [ 

Negative on 
all 

Positive on 
all 

Positive on 
all 

Positive on 
all 

Positive on 
all 

Positive on 
aU 



The other five forms belong to the species Ascochyta rahiei. These are 
parasitic on the gram plant and produce the same symptoms. On morpho- 
logical basis (length of pycnospores and pycnidia) the form 0 can be dis- 
tinguished from the other forms. The form 0 can also be distinguished from 
the other forms by the black colour of its colony. But the other four forms 
cannot be differentiated from one another. All the five forms are biologically 
identical. The authors, therefore, do not suggest that form C should be 
regarded a separate variety of A, rabiei, 

IV. Summary 

1. Six forms were isolated from diseased gram plants affected with As- 
cochyta rabiei. Detailed studies showed that five of these forms distinguished 
as B, C, D, E and E belonged to Ascochyta rabiei and one form designated 
as A occurred on gram plants as a saprophyte. 

2. A comparative study of all the six forms has been made as regards 
the following : — 

(а) Morphology on the various artificial culture media, 

(б) Kesponse to environmental conditions, such as nature of medium 

and temperature, 
and 

(e) Manner of spore germination^ 
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B. Inoculation experiments mth all the six forms have been done on 
potted gram plants and the result obtained is that form A is non-patho* 
genic, while the remaining five forms are parasitic on gram plant and produce 
the same symptoms. 

4. The five forms B, C, D, E and F are biologically identical. 

d. A discussion of experimental results in relation to the significance of 
these forms is given and the following conclusions are reached 

(i) Form A does not belong to the species Ascochyta rabiei (Pass) 
Lab. 

(ii) Forms B, 0, D, E and F belong to the species Ascochyta mbrni 
(Pass) Lab. On morphological basis form C can be distinguished 
from the other forms, but the other forms cannot be distinguished 
from one another. 
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STATISTICAL NOTES POE AGEICULTURAL AVORKERS 

NOTE ON THE OPTIMUM SHAPE AND SIZE OP PLOTS FOR SUOARGANE 

EXPERIMENTS IN BIHAR* 

BY 

S. S. BOSE AKD K. L, KHANNA 

IS" CONJTJJTCTIOJf WITH 

P. C. MAHALANOBIS 

Inteoductioh 

The influence of shape and size of plots on the accuracy of comparison 
is now well-established. Statistical analysis of uniformity trial data has 
shown that the optimum size and shape for field experiments depends chiefly 
on the distribution of the fertility gradient in the experimental area, as well as 
on the nature of the crop under test. Usually there is, however, a best plot 
size for each crop which is more or less the same for different localities unless 
there exist marked differences in the nature of the soil. Thus rice experiments 
in Bengal, Assam and even Ceylon show that the best plot size for variety 
trials lies between l/40th arid l/80th acre. In sugarcane trials, Sayer, 
Vaidyanathan and Iyer [1936] found a plot size of l/20th acre to be the most 
suitable for un-irrigated sugarcane ; Sayer and Krishna Iyer [1936] observed 
that the percentage variation can be diminished by increasing the plot size up 
to l/27th acre. 

Another important point may be noticed here. In unfonnity trials, the 
smallest plot size is almost invariably found to be the most efficient. But the 
smallest plot size is usually inconvenient for agricultural operations. Thus in 
a sugarcane experiment conducted by Mira and Phukan in Jorhat (Assam) 
the highest precision was found for small plots containing only single rows, 13 
feet long and separated from one another by 3 ft. furrow's. 

Mateexal foe the analysis 

The material for the present investigation was obtained from a variety 
trial experiment with four types of sugarcane, viz., Co 213, Co 210, Co 326 
and Co 331, in Bihar. These were laid out in the form of a regular chess- 
board type of arrangement. The individal plots measured 45 ft. x 45 ft. 
and contained fifteen rows of plants each 45 ft. long, placed 3 ft. apgrt. At 
harvest the rows were divided into 15 units of length, each equal to 3 ft. ; 
and the yield and number of canes in these units were recorded for the whole 

* The work was carried out as part of the Sugarcane Research Scheme in Bihar 
financed by the Imperial Council of Agricultural Research to whom grateful thanks are 
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experiment. Each plot thus gave 225 readings of cane yield and another 
2*25 readings of plant number, so that there were altogether 3,600 observations 
of cane yields and 3,600 of plant number. 

Analysis of concomitant vaeiation 

Fisher [1937] has shown that “ the precision of an experiment may be 
greatly increased by equalizing, among the different treatments to be compared, 
eertain potential sources of error ”. In the present investigation the yield in 
each row length of 3 ft. was noted along with the number of canes m the 
strip. An analysis of the number of canes shows that there are appreciable 
differences from strip to strip. Different parts of the experimental area were 
clearly exposed to various types of inequalities ; in the first place, the soil 
fertfiity varied from one part to another ; accidental injuries to plants were 
also of a local character. Assuming therefore that the number of cane is a 
measure of the inequahties present in the different strips, it is possible to 
increase the ultimate accuracy considerably. If there is no theoretical ob- 
jection to comparing the yields of cane based on equal number of plants in the 
different plots, the method of study appropriate for this purpose is Fisher’s 
Analysis of Covariance. This method has been adopted throughout in this 
paper. For a proper assessment of its potentialities the analysis of actual 
yield and of adjusted yield are both given side by side at every stage. 

COMPABISON BETWEEN VARIETIES 

The analysis of variance and covariance and of adjusted yields are given 
below in Table I. 

Table I 

Analysis of variance and covariance of the 4x4 Latin Square 
X = Cane number y = Cane yield 


D.F. 


xy 

y2 

Adjusted 

yZ 

B. F. 

Rows . . . . ^ 

51,086 

70,879 

1,04,136 



Golmnns . . . 3 

29,288 

40,021 

70,188 

' • ' 


Varieties . . . 3 

1,44,655 

3,63,225 

26,01,677 

17,13,098 

; 3 ■ 

Error . * . . • ^ 

26,256 

38,946 

98,165 

40,398 

5 

Total . 15 

2,51,285 

6,13,071 

28,74,166 

^ ■ 

Variety+orror . . 0 

1,70,911 

4,02,171 

26,99,842 

17,53,496 

8 
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OPTIMUM SHAPE AND SIZE OF PLOTS FOR SUGARCANE gOQ 

The mean values of cane number and of cane yield (actu<al and adjusted 
with standard errors) are given in Table II, for each variety. 

Table II 

Mean values of number and yield of cane 


Variety 

X 

y 

Acijnsted y 

Co 213 

. « 

. . 

, 

* 

1,916 

3,498 

3,726 

Co 210 . 

• 


• 

• 

2,169 

3,866 

3,719 

Co 326 

• 


• 

- 

2,074 

3,648 

3,642 

Co 331 . 

• 


* 

• 

2,121 

1 

4,551 

4,476 

General mean • 

• 

• 

• 

• 

2,070 i 

3,891 

3,891 

Standard error . 

• . « 

, 


j 

1 

63-96 I 

44-94 

S.E. per cent . 


• 

• 

• 


! 1-64 ' 

i 

j 1-16 

i 


The standard error of mean yield of a variety based on four rephcations 
has been decreased from 1 • 64 to 1 • 15 per cent of mean as a result of using the 
covariance between yield and number of canes. Hence the standard error 
per plot of size 45 ft. X 45 ft. (containing fifteen rows of plants of length 
45 ft. each) is reduced from 3*28 per cent of mean to 2-30 per cent. The 
problem now is, how far the error of the experiment can be minimised by chang- 
ing the shape and size of individual plots. For this purpose, we shall take up 
various shapes and sizes of plots by using different combinations of the unit 
row strips. 

It should be noted here that the estimate of error for comparison of the 
varieties will not be unbiassed as the design of the main plots was of the sys- 
tematic chess-board type, but the estimate of error for smaller plot sizes will be 
quite valid. 

COMPABISON OF DIFFEEENT shapes AND SIZES OF PLOTS 

With the material of the present experiment, it is possible to estimate 
errors for 226 different shapes and sizes of plots by suitably combining the 
fifteen divisions of each row and the fifteen rows of each plot. In the present 
report we shall consider the analysis ior twenty-five combinations of five row 
lengths (3, 9, 15, 30 and 45 ft.) with five numbers of rows (1 , 3, 5, 10 and 1 5). 
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The analysis of variance and covariance for the minimum plot size are 
shorvn in Table III. 

Table III 

Analysis of variance and covariance for the unit plot-size “ 3 feet-one row ” 


■ ■ ■■ 

D.F. 

x'^ 

xy 


Adjusted 

Mean 

Mean 

adjusted 

\ 

i 

Between plots 

15 

1,117 

2,280 

12,774 

. . 



Withinplots 

3,584 

46,897 

90,038 

1,82,680 

9,715 

50*9431 

2*7114 


3,599 

48,014 

92,318 

1,95,354 





The standard error of actual yield per plot of three feet row length is thus 
7-14 lbs., and since the mean yield of plot size is 17-29 lbs., the error is 41-30 
per cent of mean. The corresponding values for yield adjusted for plant 
number are 1 • 66 and 9 ■ 54 respectively . The reduction of error is very marked. 
The standard error in lb. per plot of all the twenty-five combinations are 
shown in Tables IV and IV (a). 

Table IV 

Standard error in lb. per plot for varying plot sizes 
Actual yield 

Length of rows 


No. of rows 

3 ft. 

Oft. 

15 ft. 

30 ft. 

45 ft. 

1 

7-14 

11-49 

14-75 

20-96 

27-33 

3 

12-84 

23-99 

25-06 

35-74 

56-11 

5 

17*46 

29-41 

35-79 

52-43 

59*78 

10 

29-64 

52-30 

68-14 

93-72 

95-67 

' 15' ^ 

37-19 

59-65 

79*89 

99-18 

127*91 
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Table IV (a) 

Standard error in lb. per plot for varying plot sizes 
Adjusted yield 


No. of rows 

3 ft. 

Oft. 

15 ft. 

i 30 ft. 

45 ft. 

i 

1-65 

3*89 

3*34 

1 6*42 

i 

6-62 

3 

4-68 

14*45 

16*53 

GO 

o 

35*64 

6 

3*75 

11*86 

9*39 

! 11-62 

13*55 

10 

6*14 

11*98 

16*14 

j- 39*50 

63*36 

15 

7*38 

' 15*01 

22*62 

57-97 

89*89 


As the plot size increases, there is a more or less proportionate increase in 
the yields of individual plots. The actual standard error in lb. per plot 
naturally increases, but if these errors are expressed as percentages of their 
respective mean yields as shown in Tables V and V {a) it is found that the 
percentage variaHlity between plots steadily diminishes as the plot size is 
increased. The same thing is more clearly seen from Tables VI and VI (a) 
where the errors have been expressed as percentages of the error of the 
smallest plot size (three ft. rows). 

Table V 

Standard error per plot in per cent of mean 
Actual yield 

Length of rows 


No. of rows 

3 ft. 

9 ft. 

16 ft. 

1 30 ft. 

46 ft. 

1 

41*30 

22*15 

17*06 i 

12*25 

1 10-54 

3 

24-70 

15*42 

9*56 

6*96 

5*75 

. '5 

20-20 

11*34 

8*28 

6*13 

4*61 

10' ■' 

17-03 

10*02 

7*83 

5*44 

3*66 

: ■ 15 

14-34 

, 7*67 

1 6*16 

3*86 

3*29 


m 
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Table V (a) 

Standard error in lb. per plot for varying plot sizes 


Adjusted yield 


No. of rows 

Length of rows 

3 ft. 

9 ft. 

15 ft. 

30 ft. 

45 ft. 

1 

9-54 

i 

! 

7*50 

3*86 

3*17 

2*55 

3 

9-02 

9-29 

6-19 

2*03 

1*32 

5 

4-34 

4-57 

2 17 

1-36 

1-04 

10 

I 3*53 

2*29 

1*85 

2-29 

2*43 

15 

2*85 

1*93 

1*74 

2*26 

2*31 


Table VI 

Standard error per plot as per cent of the standard error of the unit 
plot {three feet-one row) 

Actual yield 
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Table VI (a) 

Standard error per plot as per cent of the standard error of the unit phi 

{3ft. — oyie row) 

Adjusted yield 


Length of rows 


No. of rows , 

! 3 ft. 

i 

1 9 ft. 

15 ft. 

i 

j SO ft. 

1 

I 45 ft. 

1 

23-10 

18-16 

9-35 

1 7-68 

j 6-17 

3 

21-84 

22-49 

14-99 

1 4-91 

I 

3-20 

5 

i 

10-51 1 

11-06 

5-25 

1 

3-29 

2*52 

10 . 1 

! 

8-54 

5-54 i 

4-48 

i 

5-54 

5-88 

I 

15 I 

1 

6-90 1 

4-67 1 

) 

4-21 

5-47 i 

5-59 


Thus with plots of one row only, the standard error of actual yield for row 
lengths of 3 ft. is as high as 41-30 per cent of mean ; as the length is increas- 
ed, the error diminishes and ultimately for 45 ft. row-s, this is only 10-54 
per cent of mean. With two row's per plot, there is again a steady diminution 
of error as the row lengths are increased but the rate of fall is a little 
lower than in the case of one row plots. A similar decrease will be noticed in 
all the other cases. 

The standard error of adjusted yield also registers similar movement. 

Again, if the length of rows is kept constant while the number of rows is 
increased, there is also a steady decrease of errors, but this is not so marked as 
that for the increase in row lengths. Justesen [1932], working with potatoes, 
also observed that a much lower standard error is obtained when the lengths 
of the plots are increased than when the widths are increased correspondingly. 
He attributes this to “ slicing up ” of local differences when long plots are used, 
so that the differences are more distributed over different plots than is the case 
when the plots are wider. 

Efficiency of plot size 

We have seen that the relative variability diminishes as the plot size is 
increased ; but as the total experimental area caimot be indefinitely increased, 
the number of repheations with bigger plots is necessarily smaller. There are 
therefore two opposing factors at work in determining the final precision of a 
given plot size. If the size is bigger, there is a lowering of error and hence an 
increase in precision ; but as replication is decreased, there is a dimioishing 
precision, inversely proportional to the square root of the number of repetitions. 
To arrive at the effective error for comparison, therefore, we must multiply the 
standard error of a given plot size by the square root of the number of unit 
plots contained in it. This is shown in Tables VII and VII {a) expressed as 
per cent of effective standard error of actual yield for unit plot size. 
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Table VII 


Effective standard error per plot as percentage of the effective standard 
error of the unit plot 

Actual yield 


No. of rows 

Length of rows 

3 ft, . 

9 ft. 

15 ft. 

30 ft. 

45 ft. 

1 

100-00 

92*91 

[ 92*42 

93*80 

98-81 

3 

103*59 

j 

112*02 

' 89*66 

92*29 

93-83 

5 

109*36 

106*35 

100*22 

104*93 

96-65 

10 

130*37 

132*87 

134*07 

131*70 

108-57 

15 

134*47 

124*83 

1 

129*13 

114*51 

119-49 


Table VII (a) 

Effective standard error per plot as percentage of the effective standard error of 

the unit plot 

Adjusted yield 


No. of rows 

Length of rows 

3 ft. 

9 ft. 

15 ft. 

30 ft. 

45 ft. 

1 

23*10 

31*45 

20*90 

24*25 

23*89 

3 

37*82 

67*47 

58*04 

26*95 

21*46 

5 

23*50 

42*87 

26*26 

23-27 

21*82 

10 

27*02 

30*36 

31*65 

55*40 

72*00 

15 

26*73 

31*34 

1 

36*44 

67*00 

83*85 


If we compare Tables VI and VI(a) with. Tables VII and Vll(a) we find that 
the larger plots are really not so efficient as they had appeared before. Thns 
in the case of actual yield if the effective standard error of the 3 feet-one-row 
plot is supposed to be 100^ that for the 45 feet-one-row plot is nearly 99 per 
cent ; but in Table VI, the two standard errors were 100 and 25 * 53 respec- 
tively. The reason for this is very simple: with 3 ft. rows, we may have 
fifteen replications within the same area as is required for one plot of 45 ft. 
row. Hence from the point of view of accuracy alone, there is not much to 
choose between plots of 3 ft. rows and 45 ft. rows. 
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Many workers have discussed the problem of eftective errors in terms of 
efficiency. ThusKalamkar [1932] defines “ efficiency ” as a quantity measur- 
ing the total information supplied for a given area. It is calculated by mul- 
tiplying the variance per plot by the number of ultimate unite contributing to 
the total of that plot and taking the reciprocal. Taking the efficiency of "the 
smallest plot as 100, the efficiency of other plots is shown in Tables VIIT and 
VIII (a). 

Table VIII 

Efficien cy of plots of different shape and size relative to efficiency of 

unit plot 

Actual yield 

\ Length of rows 


No. of rows 

3 ft. ! 

9 ft. 

16 ft. 

30 ft. 

45 ft. 

1 

100-00 

115-84 

117*08 

; 113-66 : 

: 102-42 

3 

93*21 

79-73 

124-40 

117-38 1 

114-58 

5 

1' 83-60 

88*42 

99-56 

i 

90*84 1 

107 - 10 

10 

58-82 

56-59 

65-63 

57-66 i 

84-84 

15 

1 

55-30 1 

64-48 

59-97 

76-28 

70-07 


Table VIII {a) 

.Effective standard error per plot as percentage of the effective standard error of 

the unit plot 

Adjusted yield 

I Length of rows 


No. of ro%vs 

3 ft. 

9 ft. 

15 ft . 

30 ft. : 

45 ft. 

1 

lOO'OO 

53-95 

122-04 

90-74 : 

93-50 

. .3 

37-28 

i 

11-72 

15-84 

73-47 :■ 

115-87 

■5 '■ 

96-62 

29-03 

77*44 

98-63 : 

112-08 

lO'- 

1 73-14 ; 

67-89 

63-27 

17 --39 : 

10*29 

' 16 , 

74-74 1 

i 1 

54-36 

40-19 

1 11-89 ! 

7 -59 
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We notice from Table VIII that there is a marked fall of efficiency as the 
width of the plot is increased. It will be seen, however, that there is no marked 
foU of efficiency as the length of the rows is increased. Maximum precision is 
aiven by plots containing three rows each 15 ft. long. 

But Table VIII (a) strangely enough condemns this plot size as one of the 
least nrecise The two plot sizes which have come out consistently efficient 
taboth Ste Wng length 45 ft. and width /o™ and fi™ 

Jots In fact, if smaUer plots are difficult to work with, « Mve row 
^^withanAea of I/64th ac« ma, be safely recommended for future 

trials. 
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STUDIES ON THE HOT FERMENTATION PROCESS FC 
THE COMPOSTING OF TOWN REFUSE AND OTHER 
WASTE MATERIAL 

« II. SOME FACTORS INFLUENCING THE EFFICACY OF THE 

PROCESS 

BY 

C. N. ACHARYA, M.Sc., Ph.D., A.I.C. 

Department of Biochemistry, Indian Institute of Science, Bangalore 

(Received for publication on 29tli March 1939) 

(With one text-figure) 


It is well known that the biological decomposition of plant materials is 
inflnenced greatly by factors such as the degree of moisture, temperature, 
the presence of available nitrogen, the degree of aeration, presence of inoculum , 
etc. These factors also influence the course of decomposition occmTiiig in 
compost heaps ; and their importance is specially great in the hot fermentation 
process, since a special feature of this method is the intensive aerobic oxidation 
concentrated within the first five or six days, after whicli the mass is packed up 
anaerobically. It is, therefore, essential that the optimum conditions for rapid 
decomposition be known and secured even from the beginning. 

The experiments described below" were carried out under controlled condi- 
tions in concrete cisterns coated with cement inside so as to prevent leakage 
of the liquid constituents. Street sweepings and night-soil were used as com- 
post materials and the influence of the following factors on the rate of 
composting were examined 

(1) Use of different proportions of soil, night-soil, leaves and moisture ; 

(2) temperature changes during composting; 

(3) variations in the relative periods of preliminary aerobic and subse- 

quent anaerobic fermentation ; 

(4) influence of added chemicals, e.g., calcium carbonate, superphos- 

phate, sodium nitrate, ammonium sulphate and calcium cyana- 

mide ; 

(5) comparison of the quality of composts prepared in cemeiitecl 

cisterns, underground pits and overground heaps ; and 

(6) influence of prior fermentation of street sweepings before the addi- 

tion of night-soil. 



^Piirt I published in the Ind, J, Agn&, Sci. 9, pt. 5, 1939 
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The composting procedure adopted was as follows : — 

Town refuse was screened into two fractions : (1) consisting mainly of 

soil and ash constituents, and (2) consisting mostly of leaves and other organic 
matter. These, for the sake of brevity, will hereafter be denoted respectively 
as the soil and leaves fractions of town refuse. Large stones and other things 
such as glass, iron pieces, etc., were removed by hand. 

The refuse materials used had the following average composition : — 

Table I 


Composition of refuse materials 



Street sweepings 
screened into 

Night-soil 

(fresh) 

(per cent) 

Soil 

fraction 
(per cent) 

Leaves 
fraction 
(per cent) 

Total carbon . . • 

3*07 

30-71 

9-30 

Total nitrogen . . • 

0*24 

1-23 

1-10 

Ash-free organic matter 

6-20 

54-30 

15*30 

Ash . . . 

91-30 

36-10 

4*20 

Moisture . • • 

2-60 

9-60 

80-50 


(All figures are on fresh basis including moisture.) 


The requisite amounts of the soil and leaves fractions of street sweepings 
and of night-soil were weighed and mixed thoroughly on a brick-lined platform 
outside the containers, adding the necessary amount of water. The mass was 
then transferred into cisterns eight-cubic-feet made of concrete and coated with 
cement inside. A preliminary aerobic fermentation of five to six days was 
allowed, after which the contents were pressed down and packed anaerobically 
with a layer of mud-paste and then covered over with more earth. In some 
cases, the top was coated with a layer of cowdung. Anaerobic fermentation 
was allowed to proceed for 2| to 3 months, after which the manure was re- 
moved, weighed and representative samples taken for analysis. The remain- 
ing bulk of the manure was put back in the same cistern, under suitable cover, 
till required for manurial trials in pots or plots. 

Sampling and analytical peocbdueb 

The complete contents of a cistern were removed, weighed and spread 
uniformly on a cowdung coated platform, so that the soil and leaves were 
uniformly distributed. A number of small samples were taken at cfifferent 
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spots and these were mixed together to form a composite samfile for analysis. 
The sample was dried in the siin and powdered in a grinding niiJI I)eh>re analy- 
sis. Carbon w'as determined by the w^et combustion method of tlie antiior 
[Acbaryaj 1936] and total nitrogen by the KJeldahld^Tiiiining irietiiod niodifiecl 
to include nitrates [A. 0. A. G., 1935]. Ash-free organic matter was c^^stimat- 
ed hy loss on ignition, after making an allow^ance for moisture present, 

(1) Influence of soil on the humification of refuse wmierials 

It was noted in some of the preliminary trials that the ' addition of soil 
to the compost heap helped to promote a more rapid disi,iitegratioii and decay, 
of the refuse materials. With a view to test this point further, trials were 
carried out with lots of 100 lb. of night-soil and 50 lb. of the leaves fraction of 
town refuse, and to this were added varying amounts o.f the soil fraction of 
street sweepings. Ty})ical results that were o'btained. are s,!iown in Table II. 

Table II 

Influence of additimi of soil on the humification of ioum refuse 


! ^ 

I Compost lots : 

50 lb, leaves -f 

1 100 lb. night- 

l" . soil 

No soil added 

100 lb. soil added 

200 lb. so.i! added 

\ '■ 

1 Yield of maniire 

I ^ (fresh) 

126 lb. 

312 lb. 

605 lb. 

j Yield of manure 

(sun dry). 

58 lb. 

150 lb. 

260 lb. 

j 

Percentage PercentageiPercentage Pereentage 
analysis ^ recovery analysis recovery 
of of of of 

sun dry constitu- sun dry ' eonstitii- 

rnateria! 1 ents material | ents 

originally originally 

taken taken 

! ■ ' i 

Percentage Percentage 
.analysis recovery 
of 1 of 

sun dry | constitu- 
material ; ents 

1 originally 

1 taken 

1 'Carbon , . 

23-70 1 55*76 

12-96 70-01 

10-41 ; 87-90 

, , , Nitrogen , . 

1-70 i 67-65 

0-88 i 67-70 

I 0*68 : 80-74 

, ■ Ash-free organic 
"'matter. 

43-70 69-66 

23-76 73-18 

i 

18-61 1 88-12 


The data show that the addition of soil markedly increases the proportion 
of the original constituents (e.g. carbon, nitrogen and ash-free organic matter), 
which is ultimately recovered in the final compost. The increase in the re- 
covery of carbon, for example, from 56 to 70 per cent when 100 ' |b. 


820 


THK INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, VI 


iai 



of soil are added to a mixture of 100 lb. of night-soil and 50 lb. of loaves, 
and the increase of nitrogen recovered from 58 to 68 per cent implies a 
proportionate increase in the efficiency of the composting process due to 
the addition of soil provided, of course, the final material is well-formed 
compost. The addition of household ash contained in the soil fraction of street 
sweepings also serves to increase the manurial value of the compost in respect 
of potash and phosphoric acid. 

The preliminary observations regarding the beneficial effect of soil in 
hastening the decay of the refuse materials were again confirmed in the subse- 
quent experiments. This rapid decay was probably due to the combined effect 
of a number of factors, e.g., 

(а) the soil forming an effective inoculum for the introduction of the 

necessary micro-organisms ; 

(б) the mineral constituents of household ash, associated with the soil 

fraction, acting as microbial stimulants ; 

(c) the retentive capacity of soil for moisture, helping to conserve mois- 

ture better in the compost heap and thus promoting better decay 

and decomposition ; and 

(d) the soil offering a buffer medium for keeping the reaction steady 

against the organic acids or ammonia that may be produced. 

The smaller loss of organic matter in presence of soil may be explained as 
being due to the fact that the clay complex of the soil reacts with the consti- 
tuents of the refuse material to form complexes which are more resistant 
to microbial decomposition than the original refuse constituents themselves. 
As such the decay is more physical than chemical. The influence of soil on 
the rate and course of biological decomposition of plant materials is well worth 
a detailed study. But it must be noted that the addition of large quantities 
of soil to the compost mil markedly lower the organic matter and nitrogen 
percentage in the fi al manure obtained ; and the transport charges per unit 
of carbon and nitrogen will become proportionately higher. 

Taking the above facts into consideration, it would appear advisable to 
add moderate quantities of the soil fraction, say 50 to 100 lb. for every 100 
lb. of night-soil and 50 lb. of leaves, in the compost, so as to incorporate the 
advantages of the presence of soil, but not its disadvantages. 

The addition of the soil fraction wiU also help to make up the shortage 
of leaf material felt in many municipalities for compost work. 

(2) Influence of different amounts of night-soil 

With a view to determine the maximum quantity of night-soil which could 
be decomposed with the help of a certain amount of leaf material, so that a 
manure free from night-soil odour could be ultimately obtained, composts 
were prepared in cisterns from lots of 50 lb. of leaf material and 100 lb. of soil 
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fi'aetion, to which varying amounts of night-soii were added ('J'ahle 111). The 
composting procedure was the same as that described before. 

Table in 

Influence of different proportions of night-soil 


Cfoiapost lots : 

50 lb. leaves 4* 100 
lb. soil 

Added. 

50 ib. night-soil 

Added 

100' lb. night-soii 

Added 

150 ib. niglit-scsil 

Added 

200 lb. iiig!:i.fc-soii 

Yield of raairiire 
(fresh). 

27S 

ib. 

312 lb. 

S55 lb. 

S75 lb. 

Yield of inaBiire 
(sua dried) 

146 ib. 

150 ib. 

162 lb. 

171 !b. 


Percentage 

analysis 

of 

sun dry 
material 

.Percentage 

recovery 

of 

constitu- 

ents 

originally 

taken 

Percentage 

analysis 

of 

sun dry 
material 

Percentage 

recovery 

of 

constitu- 

ents 

originally 

taken 

Percentage Perw-ntage 
analysis ’ reeovt^ry 
of of 

sun dry ewislitu- 
i material 

i originally : 

taken 

Percentage feiTcntage 
analysis nicovery 
of of 

sun dry : constitn- 
ruakria! ente 

■: originally 
taken. 

Carbon 

10-01 

63-35 

12-06 

70-10 

15-01 75-14 ^ 

17-18 ; 79-36 

Nitrogen 

0-64 

66-76 

0-88 

67-70 

0-01 ■ 59-17 

1 0-94 1 52-62 

Asb-free organic 
matter 

17 -02 

i 61-67 

23-76 

7S-18 

26-24 75-65 i 

! 30-12 : SO -48 


iU was Ouservtja t/liau l>u v-vutuii ux J.iijuniy-ou'ii uiiww 

100 lb. (for 60 lb. of leaves 100 lb. soil) had been added, smelt badly of 

night-soil, showing that the decomposition wsis only partial and that the bidk 
of the night-soil had only remained mechanically stored. 

The analytical figui'es given in Table III show a higher recovery of carbon 
and of organic matter originally taken, with higher doses of night-soil ; but 
there is a decreasing recovery of nitrogen above 100 lb. of night-soil. This 
shows that rapid loss of nitrogen takes place, probably as ammonia, when 
larger amounts of night-soil are composted with leaves and soil than what 
correspond to a ratio of 2 ; 1 : 2. 

(S) Influence of leaves mi the composting of night-soil 
It is the custom in several localities to make a poudrette of night-soil, 
by drying it either by itself or in admixtine with soil. Under these conditions, 
there is very little biological decomposition of the night-soil and much of the 
nitrogen is lost due to liquefaction of the night-soil and the evolution of ammo- 
nia. In order to test the advantage of composting night-soil with leaves over 
the poudrette method, experiments were carried out with mixtures of soil 
and night-soU to which var3dng amounts of the leaves fraction of town refuse 
were added. 

It was observed that poudrette, as ordinarily iJiepared, smelt strongly 
of iright-soil, whereas the composts prepared by the addition of enougli leaves 
and other decomposable organic matter, yielded well humified products 
without any offensive odour. 
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The analytical figures obtained are presented in Table IV. They show 
that the loss of nitrogen is greatest in cases where no leaves are added and also 
in others where excess of leaves are added. In the former case, the loss may be 
explained as being due to the absence of a vigorous microbial flora capable 
of fixing the ammonia evolved from night-soil. In the latter case, the 
carbon/nitrogen ratio of the compost tended to become narrow and thus 
resulted in loss of nitrogen. 

Table IV. 
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Influence of leaves on the composting of night-soil 



300 lb. soil 
+ 75 lb. night-soil. 
No leaves added 

1 200 lb. soil 

+ 75 lb. night-soil 
j +25 lb. leaves 

100 lb. soil 
+ 75 lb. night-soil 
+ 50 lb. leaves 

lOOlb.^oil 
+ 75 lb. night-soil 
+ 100 lb. leaves. 

Yield of maaure 
(fresh) 

420 lb. 

j 405 lb. 

335 lb. 

390 lb. 

Yield of manure 
(sun dried) 

298 lb. 

1 220 lb. 

156 lb. 

179 

lb. 

I 

Percentage 

analysis 

of 

sun dry 
material 

Percentage 

recovery 

of 

original 

constitu- 

ents 

taken 

Percentage 

analysis 

of 

sun dry 
materi^ 

Percentage 

recovery 

of 

original 

constitu- 

ents 

taken 

Percentage 

analysis 

of 

sun dry 
material 

Percentage 

recovery 

of 

original 

constitu- 

ents 

taken 

Percentage 

anaylsis 

of 

sun dry 
material 

Percentage 

recovery 

of 

original 

constitu- 

ents 

taken 

■ 1 

Carbon , . 1 

4-42 

81*41 

7*42 

78*52 

11*42 

70*18 

14*17 

62*24 

Nitrogen . . I 

0-31 

59*99 

0*51 

70*13 

0*74 

69*11 

0*72 

56*13 

Ash-free organic ! 
matter 1 

7-84 

77*87 

14*02 

82*47 

20*22 

70*41 

25*77 

64*16 


It would appear that one part of leaves to two parts of night-soil (in pre- 
sence of one to two parts of soil) would represent a suitable combination 
for ensuring rapid composting of the night-soil and at the same time for avoid- 
ing much loss of nitrogen. 

{4) Water requirements for composting 

A few experiments were carried out to determine the minimum water sup- 
ply required for composting purposes by the hot fermentation process. This 
determination is of special importance in this method, since the 
mass is anaerobically packed after the first few days and no further additions 
of water are made during the to 3 months period of anaerobic storage. 
In aerobic methods of composting, the moisture is generally maintained at 
about 50 to 60 per cent level by additions of water from time to 
time. 

The experiments were carried out by adding varying amounts of water 
(3, 5, 7, 9 and 12 gallons of water) to a mixture of 50 lb. of leaf material, 100 lb. 
of sofl and 75 lb. of night-soil, packed in cisterns according to the procedure al- 
ready reported above. Assuming the water content of night-soil to be about 
80 per cent, the relative proportions of dry matter and water added were as 
shown in Table V. 


1 
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Table V 

Water requirements for composting 


Water added 
(additional) 

Percentage 
moisture 
content 
of 1 

watered j 
compost 1 

Remarks 

1 Nil 

29*90 


2 1 gallon 

33*06 

►Insufficient htimification 

Z 3 gallons 

38*32 


4 5 gallons 

42*81 


5 7 gallons 

46*69 1 

j 

Satisfactory decomposition 

6 9 gallons 

50*07 . 

> 

7 12 gallons 

54*41 ■ 

I Liquid sludge at bottom, showing excess of water, 
> bad sewage odour 

8 15 gallons 

58*06 , 

]' 

i 

Taken 50 ib. leaves. 

75 lb. night’Soil and 100 lb. soil. 


Dry matter in compost at start = 167 - 3 lb. 

Moisture already present = 67 • 7 lb. 

The moisture requirements under hot fermentation conditions would 
appear to be fairly well defined. Appreciable deficiency below this level pre- 
vented satisfactory rise of temperature in the early stages and hindered further 
decomposition during the succeeding anaerobic stage, whereas a too liberal 
dosage of water promoted anaerobic decomposition to .such an extent as to 
form large amounts of ammonia and acid products. 

Satisfactory humification of waste materials was secured in the above 
experiments by the addition of seven to nine gallons of water, i.e., when the 
moistme content was brought to about 47 to 60 per cent calculated 
on the final weight of the watered compost. This amount of water was suffi- 
cient to bring about rapid aerobic decomposition and rise of temperature in 
the initial stages and subsequent anaerobic humification. Additions of 
water more than ten gallons left a good deal of water in the bottom of the 
cisterns at the end of the decomposition period, when the composts were 
opened. This happened in spite of the presence of 100 lb. of soil in the 
compost. The anaerobic decomposition in such cases was well advanced and 
the mass emitted a bad sewage odour. The liquid sludge at the bottom 
increased with the amount of initial moisture content above 54 per cent. 
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These remarks apply maiiJy to cases where the composting is carried on 
in brick-lined trenches or cisterns. Where, however, the trenches are not 
brick-lined, there is great danger of much of the valuable ingredients of night- 
soil being washed down, if the water supply exceeds an amount equal to that 
of the dry matter at the start. 

It is interesting to compare the water requirement of the hot fermentation 
process with that of the aerobic methods. In both cases, the initial watering 
has to be done to bring the moisture content to about 50 per cent (i.e., 
proportion of dry matter : moisture =1:1). In the hot fei*mentation process, 
no further additions of water are necessary, since the mass is compacted and 
anaerobically packed at the end of five or six days. But in the aerobic method, 
the compost is usually turned over and watered once a fortnight, at least four 
or five times. The amount of water that has to be added on subsequent occa- 
sions will, no doubt, vary with the weather conditions, but it can be roughly 
estimated that the total quantity of water required for the aerobic process 
will be three to four times that required for the hot fermentation method. The 
latter process will, therefore, prove specially valuable in areas of low rainfall 
or limited water supply. 

(5) Temperature changes during the hot fermentation process 

Daily readings of the temperature of the compost heap were taken at dif- 
ferent depths, with the help of a long stem thermometer. The temperature 
increased up to a depth of 20-25 cm. from the surface, after which it decreased 
again. T37pical variations of temperature over a number of days at three 
different depths in the compost, viz., 20 cm., 40 cm. and 60 cm. are shown 
graphically in Mg. I. 

In general, it can be stated that the rise of temperature is proportional to 
the amount of decomposable organic matter present, e.g., leaves. Large 
amounts of water (above 50 per cent) hindered rapid rise of temperature. The 
maximum temperature (65-70°C.) was usually reached in about three to five 
days, after which the temperature slowly fell. The initial rise of temperature 
was conserved better in the system of packing in trenches adopted in the hot 
fermentation process than in the aerobic heaps overground, which permitted 
access of air from the sides and consequent cooling of the mass. 

The high temperatures of 65-70°C reached in the initial Stages served 
to destroy pathogenic organisms and weed seeds present in the compost heap. 
The fly larvae generally came to the top after the first day or two and were 
later destroyed when the heaps were covered over anaerobically with a layer of 
earth. The effectiveness of the destruction was shown by the complete ab- 
sence of fly breeding, which is a common feature of other systems of composting 
night-soil and is a source of danger to public health in the surrounding area. 
Further, when the hot-fermented manure was later applied to land, the amount 
of weeds that developed was much less than when farmyard manure, as ordi- 
narily obtained, was used. 
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The initial high temperatures last for about four or five days after which I 

the curves tend to come down. It is at this stage that the heaps are usually | 

packed up anaerobically. Such packing helps to maintain the temperature at i; 

a high level for a long period and thus promotes thermophilic anaerobic decom- [ 

position. 

1 

^ , (6) Periods of preliminary aerobic and subsequent anaerobic decomposition j 

A consideration of the temperature curves given above would show that 
very rapid chemical decomposition takes place in the first few days and the 
vigour of the reaction abates considerably after four or five days. In order to 
examine whether a similar picture is shown by chemical analysis at different 
stages of the decomposition, experiments were carried out with lots of 50 lb. 
leaf-matter, 100 lb. soil fraction and 75 lb. of night-soil. The recoveries of 
carbon and nitrogen expressed as percentages of the amounts originally | 

taken, are given in Table VI. 

Table VI 


Period of preliminary aerobic treatment 


Period of preliminary aerobic treat- 
ment 

(days) 

Temperature 

{'C) 

Percentage 
recovery of 
carbon 

Percentage J 

recovery 
of nitrogen 

1 . . . 

55 

92-1 

89*4 

2 . . . 

65 

1 

84'8 

00 

3 . . . 

62 

79*3 

77-6 

5 . . . 

54 

1 75*6 

74-3 

7 . . . 

50 

1 74-4 

72-1 [ 

10 . . 

44 

72-9 

71*6 ! 

15 . . . j 

40 

70-7 

69-4 ‘ 

!' 


The figures show that chemical analysis confirms the temperature indica- | 

tions, viz., that the bulk of the decomposition takes place within the first week j 

and that the subsequent change proceeds more slowly. But, since the mass 
is compacted free from further access of air after the first five or six days, the | 

subsequent anaerobic change may be expected to be much slower still and to 
consist mainly of a process of humification, without appreciable loss of carbon 
or of nitrogen. 
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This was tested by a further series of compost lots of 50 lb. leaf-material, 
100 lb. of soil fraction and 75 lb. night-soil, which w^ere kept aerobie for five 
days and then ware packed anaerobically in cisterns. The cisterns were 
opened at periodical intervals, the contents weighed and representative 
samples taken for analysis. The data obtained are presented in Table VII. 

Table VII 


Period of anaerobic packing 


* Period of anaerobic packing after preliminary aero • 

1 bio treatment for five days 

i 

Percentage 
recovery of 
Carbon 

i , Percexitage 
i recovery of 
■ nitrogen 

Nil 

74-4 

72* i. 

i 1 month . ■ . ... . . . . 1 

72-1 

70-6 

2 months . ' . ' . 

70*9 

70-2 

3 months . . . . . . ' . 

70-1 

69-6 

4 months . . . . . . . 

69-6 1 

69*1 

1 6 months ........ 

69-0 i 

i 

68-4 


It may be rather misleading to interpret the data given above as indicating 
that it is unnecessary to subject the mass to the subsequent process of an- 
aerobic decomposition. Though this second stage does not result in any appre- 
ciable net loss of carbon or nitrogen, it does signify a period of important 
anaerobic transformations proceeding in the mass whereby the compost is 
well humified and its nitrogen is rendered more easily nitrifiable and available 
to the plant. A period of two to three months’ storage is necessary before the 
manure can be considered ready for application to land. 

(7) Influence of the addition of chemicals on the course of decomposition 

It is well known that the biological decomposition of plant materials is 
greatly influenced by the reaction of the medium, by the presence of nitroge- 
nous starters such as calcium cyanamide, ammonium sulphate or sodium nitrate 
and by the addition of chemicals such as superphosphate, potash, etc. 

Experiments were carried out on the usual lines with compost lots of 
leaves, soil and night-soil, in order to test the effect of the addition of the above 
substances. The reaction was sought to be maintained (a) on the neutral or 
slightly alkaline side by addition of lime ; and (6) on the acid side by the addi- 
tion of molasses, which, under anaerobic conditions rapidly ferments to organic 
acids, 

No beneficial effect was noticed due to the addition of lime, probably be- 
cause the soil fraction used in the compost contained already a good amount 
of household ash, which is alkaline. Further, the night-soil present in the com- 
post tends to become alkaline due to liberation of ammonia, which serves 
to neutralise any organic acids formed in the anaerobic stage. The soil also 
acts as a good buffer medium. 
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The addition of nitrogenous starters such as ammonium sulphate and cal- 
cium cyanamide had also no effect, showing that night soil was a sufficiently 
powerful starter by itself and does not stand in need of supplements. Super- 
phosphate had also no beneficial effect, probably due to the fact that the ash 
constituents present in the soil fraction supplied the necessary amount of 
phosphoric acid for microbial activity. 

Sodium nitrate and molasses, however, yielded interesting results. In 
the former case, the recoveries of both carbon and nitrogen were markedly 
decreased (Table VIII). It is well known that sodium nitrate, in addition 
to being denitrified under anaerobic conditions, is a good source of oxygen for 
the oxidation of other substances present along with it under such conditions 
[Acharya, 1935]. It is, therefore, not surprising that in addition to losing the 
whole of its own nitrogen, it brings about the loss of nitrogen already pre- 
sent in the night-soil added to the compost. It is doubtful whether sodium 
nitrate, on account of the ease with which it can be leached out and other 
disadvantages, could be recommended as a starter for composting work under 
any conditions even including aerobic. 

Table VIII 


Influence of added substances on composting 


Substance added 

Percentage 
recovery of 
carbon 

Percentage 
recovery of 
nitrogen 

(1) Control without any addition 

70-18 

69*11 

(2) Added 10 lb. NaNOg 

55-62 

1 

39-59 

(3) Added 40 lb. molasses 

59-14 

80-42 


(Compost lots ; 50 lb. leaves ; 100 lb. soil and 75 lb. night-soil.) 


In this connection, it may be noted that any nitrate present in the com- 
post at the start is likely to behave similar to sodium nitrate and is likely to be 
lost in the hot fermentation method. It is, therefore, advisable to see that the 
initial period of aerobic decomposition is just enough to oxidise the easily de- 
composable constituents of the compost and is not prolonged so as to form 
nitrate. Under the conditions of the composting procedure described above, 
where the compost heap is packed up anaerobically when the temperature 
falls from 65° to 50 °0., it is doubtful whether nitrification (optimum tempera- 
ture 30-35°C.) would have begim. Hence no loss of nitrogen need be feared 
on this account in the present method. 

In the case of molasses, the figures show a lower recovery of carbon but 
a higher recovery of nitrogen originally taken to start with. This can be 


V - 
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explained as dne to the fact that (a) molasses, in addition to being Ofisily oxi • 
dised itself, serves as a source of energy for the oxidation of other substances ; 
hence the recovery of carbon is low. ; and (b) .molasses yields a good a.!iiourit of 
acids whic.h serve to fix the nitrogen of the night-soil, which otheinrise would 
have been lost as ammonia ; hence the recovery of nitrogen is higher than in 
the control. It is doubtful, however, whether the use of molasses for this pur- 
pose would be a practical proposition on account of its cost and transport 
charges, 

(8) Comparison of different methods of packing the hot fermentation compost 

The experiments described above were all carried out under controlled 
conditions in concrete cisterns which were cement-coated to prevent any pos- 
sible seepage of the liquid contents. But since, on the large scale, the pre- 
paration of such cisterns would be uneconomical for purposes of coini>osting, 
other types of containers were tried which would be cheaper. 

It has already been stated that the temperature of the composting 
mass is conserved better in underground trenches or cisterns than in heaps 
overground, which are exposed to air on all sides. 

The following types of packing the compost were compared : — 

(1) Concrete, cement-coated cisterns 2 ft. x 2 ft. x 2 ft. of the type 

used in the previous experiments ; these were over ground. 

(2) Trenches, dug in the ground, 3 ft. x 3 ft. x 20 ft., which were lined 

with brick and plastered. 

(3) Similar trenches, underground, which were not brick-lined or 

plastered. 

(4) Heaps overground on brick-lined and plastered platforms. 

(5) Heaps over ordinary ground which was hardened and coated with 

a thick layer of cow-dung, but without any brick-liniiig or 

plastering. 

In all cases, the proportion of the leaf-matter: soil: mght-soil was 
50 : 100 : 75, though the actual amounts used varied with the size of the con- 
tainers. At the end of six days, when the temperature was falling, the heaps 
were compacted and covered over with a layer of earth and plastered over with 
cow-dungmixed with water. The heaps were re-opened at the end of three 
months, weighed and azialysed. 

The recoveries of carbon, nitrogen and ash-free organic matter are showm 
in Table IX. 
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Table IX 


Comparison of different methods of packing the hot fermentation compost 


Percentage recovery of 
amounts taken at the 
start 

Concrete 

cisterns 

cement- 

coated 

(over- 

ground) 

Trenches 
brick - 
lined 
and 

plastered 

(under- 

ground) 

Trenches 
without 
brick - 
lining 
(under- 
ground) 

Heaps 

over- 

ground 

on 

brick - 
lined 
plat- 
forms 

Heaps 

over- 

ground 

without 

brick- 

lined 

plat- 

forms 

Carbon 

70-18 

76-96 

58-12 

62-81 

51-13 

Nitrogen 

69-11 

74-16 

59-22 

1 64-62 

64-67 

Ash-free organic naatter 

70-41 

78-81 

57-58 

61-46 

53-50 


The figures show that the highest conservation of carbon and nitrogen is 
obtained in brick-lined trenches underground, followed respectively by systems 
of packing 1, 3, 4 and 5 mentioned above. The low value obtained for heaps 
overground, without a brick-lined platform, was, no doubt, due to seepage of 
the constituents into the underground layers, especially when there was heavy 
rainfall. The heaps on brick-lined platforms analysed better, but these were 
poorer in carbon and nitrogen than the composts made in brick-lined trenches, 
probably due to continued aeration of the overground mass in the later ‘ an- 
aerobic ’ stage, in spite of the mud covering. 

It was observed during the experiments that the manure prepared in the 
underground trenches — both brick-lined and without brick-lining — had humifi- 
ed better and contained larger quantities of fungal matter than the composts 
prepared in concrete, cement-coated cisterns overground. This was probably 
due to the fact that the much bigger mass of compost packed in the former 
case produced a better rise of temperature and a more advanced stage of humi- 
fication than in the latter. 

The composts prepared in underground trenches, without brick-lining, 
lost, no doubt, some of the nitrogenous components due to leaching (since the 
nitrogen recovery is poorer than in trenches with brick-lining), but they were 
better than the composts prepared in heaps overground. The adoption of 
underground trenches without brick-lining is, however, limited to areas where 
the water-table is not too high, since in the latter case, the loss of nitrogen will 
be specially heavy. In cases where the water-table is high, it would be essential 
to brick-line and plaster the sides of the trenches ; otherwise, overground cis- 
terns or overground heaps on brick-lined platforms would have to-be adopted. 
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(9) Effect of prior fermentation of leaf material before addition of nigM-soil 

It will be noticed from the data presented in the above tables that a good 
percentage of nitrogen (from 25 to 30 per cent) is lost while composting night- 
soil even by the hot fermentation process. It was felt that the loss might 
have taken place as ammonia, on account of the rapid liquefaction of night- 
soil. Attempts were made to secure a higher conservation of nitrogen by sub- 
jecting the leaf material to a preliminary anaerobic decomposition so as to form 
organic acids which might later help to fix the ammonia evolved from night- 
soil. 

The experiments were conducted with lots of 50 lb. screened leaves fraction 
plus 100 lb. of soil fraction which were sprayed on with water to bring the mois- 
ture level to 50 per cent, and allowed to decompose in covered cisterns for 
four or five days. At the end of this period, 75 lb. of night-soil were added to 
each lot and then one series was kept aerobic and turned over once in ten days 
while the other was subjected to the hot fermentation process as described 
before. 

In order to increase the amount of acids formed during the initial anaero- 
bic decomposition, another series was run on the above lines by the hot fer- 
mentation procedure, with the difference that 10 lb. of molasses were added to 
the leaves fraction at the start. 

The recoveries of carbon and nitrogen obtained in the different cases are 
shown in Table X. 

Table X 


Influence of previous fermentation of leaves 



Aerobic process 

Hot fermentation 
process 

Lots of 100 lb. leaves, 50 lb. soil 
and 75 lb. night-soil 

1 

Percentage 

recovery 

of 

Carbon 

Percentage 

recovery 

of 

nitrogen 

Percentage 

recoveiy 

of 

carbon 

r 

^ Percentage 
recove,ry 
i of 

nitrogen 

Withou'- i3reliminary fermenta- 
^ tion of leaves 1 

51-42 

56*28 

70-18 

69-14- 

With preliminary fermentation of ' 
leaves 

47-61 

52-14 

68-61 

70-22 

Preliminary fermentation of leaves 
with 10 Ib. molasses 

42-48 

60*26 

j 

62-38 

77*46 


The figures show that there is no appreciable gain due to the preliminarj^ 
fermentation of leaf material. This might have been due to the fact that 
not much of acidity was produced during the decomposition of leaf material, 
yrhicb was already rich in nitrogen (1*23 per cent). The recovery of nitrogen 
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is better where molasses had been added at the start, but, as lias been already 
observed, the addition of molasses for the purpose will not be an economic 
proposition. Moreover, the addition of molasses serves to depress the re- 
covery of carbon' on account of its functioning as a readily available source 
of energy for oxidation purposes. 

Summary 

Experiments carried out under controlled conditions with street sweepings 
and night-soil in order to examine the influence of various factors on composting 
the above materials by the hot fermentation process showed : 

1. The addition of soil — especially the screened soil ash fraction of 
street sweepings — to a mixture of night-soil and leaves, promoted a more rapid 
disintegration and decay of the compost material and decreased the loss of 
nitrogen and of organic matter. Addition of large amounts of soil, however, 
decreased the manurial value of the compost. 

2. In the absence of leaves and other easily decomposable fractions of 
street sweepings, the mixture of night-soil and soil decomposes slowly and most 
of the night-soil remains as such in the dry condition. The resulting poudrette 
of soil and night-soil smells badly of night-soil. 

3. An optimum mixture for composting purposes would consist of one part 
by weight of leaves fraction of street sweepings, one to two parts of the soil 
fraction and two parts of night-soil. 

4. An initial moisture content of about 50 to 55 per cent in the compost 
heap at the start is optimum, and further additions of water are unnecessary 
in the hot fermentation process. A moisture level less than 40 per cent results 
in insufficient humification and a level higher than 55 per cent leads to the 
formation of liquid sludge at the bottom and loss due to seepage. 

5. The water requirements of the hot fermentation process are much less — 
about a third or fourth — ^than for ordinary aerobic methods of composting. 

6. Temperature measurements made at different depths and on different 
days showed that the temperature rapidly rose from the second day and 
reached a maximum of about 65"^ to 70^0. on the third or fourth day, after 
which it slowly fell. The temperature increased from the outer layers 
inward till a maximum was reached at a depth of about 20 cm. in the earlier 
stages and at a depth of about 40 cm. in the later stages of composting. 

7. The bulk of the decomposition in the hot fermentation system takes 
place during the preliminary aerobic treatment of five or six days ; the loss 
in weight in the subsequent period of anaerobic decomposition is very small. 

8. No beneficial effect was noticed due to the addition of lime or super- 
phosphate to the compost of night-soil and street sweepings. The addition of 
nitrogenous starters, such as calcium cyanamide, sodium nitrate or ammonium 
sulphate, was also unnecessary where night-soil was present, and only served 
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to increase the total loss of nitrogen. Sodium nitrate, on account of its obelis- 
ing action, also served to increase the loss of organic matter. The addition 
of'^molasses served to decrease nitrogen loss, but increased the loss in organic 
matter. 

9. A comparison of different containers for canying out the hot fermenta- 
tion method, viz., (a) concrete, cement-coated cisterns ; (h) underground tren- 
ches -which are brick-lined and plastered ; (c) underground trenches without 
brick-hning ; and (d) overground heaps on un-brick-lined platforms, showed 
that there was considerable loss of nitrogen and of carbon, apparently due to 

not brick-lined. 


seepage, m cases 
Between overgroun 
more ‘ uniform ’ d 
constituents better- 

10. Prior fermentation of street sweepings anaerobically for a few da; 
before adding night-soil did not materially decrease the ]o.ss of nitrogen. Tl 
addition of molasses, however, to the fermentmg street sweepings, decreas( 
the loss of nitrogen when night-soil was subsequently added, but the gam v . 
not worth the additional expense involved. 
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I. Introdaciion 

Ireegtjlab or biennial bearing in the mango is a well-known phenomenon 
and harcUy needs any explanation. As far back as 1590, Abul Fazal, author of 
the A%m-Alcban, an encyclopedic work, while giving an account of this fruit 
mentioned that some trees yielded in one year a rich harvest and less in the 
next, wmle others yielded for one year and produced no fruit at all in the 
foUowmg year Similarly Hartless [1913] writes that he had never heard of 
mango that flowered normally every year. Burns and Prayag 
[1920] have mentioned that the record of the mango crop fi?om 1908-16 taken 
from Ganeshkhind Botanical Gardens on the whole confirmed the belief that 
the mango tree bears a heavy crop only in every alternate year and that in the 
mtervemng year the crop is poor. 

The bearing habit of the tree in alternate years is so regular that the ‘off ’ 
anticipated almost with certainty, unless, of course it is 
altered by some unforeseen circumstances, such as unfavourable climatic ’con- 
ditions— frost, hailstorm or untimely rain at the time of flowering or incidence 
of some disease or pest. The problem is of great economic importance to the 
fruit growers as in the ‘ on ’ year, due to the abundance of the crop the 
markets are glutted mth the fruit and in consequence the price realized is 
ow and unremunerative whilst in ‘ off ’ years the growers are confronted 
mth very httle crop to offer for sale when the prices are high. To obtain 
therefore, a profitable incoine from a mango orchard it is very essential that 
the trees during their entire productive life should produce a reasonablv 
regular crop each year. To attain this object it is very necessary to understand 
the growth behaviour of a tree as influenced by climatic conditions and cultural 
practices and correlate such growths to fruit bud formatiom. Once a certain 
1 !• behaviour during the growing season as well as its 

relationship with productivity or otherwise, are all clearly understood this 
should serve as a guide to a grower for securing a desirable time of growth 
by adoptmg cultural practices most suited for the purpose. Growth response 
whoh a tee givea aJthot^h morphological in nature, in neTerthdes^rS 
condition m the oei] or tissue brought about by eitemai and 

SSutt“eS^urTftr;S.°°°™““‘“^ 

i-h^ behaviour of mango tree is rather peculiar, a brief account of 

the same under Lyallpui- conditions would be desirable. Unlike many other 
fonts the growth in mango in the course of a season is periodic r^SerThai 
inuous, i.e. successive periods of growth alternating with quiescence 

ncci^ ^ 1 in a year as well as the date on which they 

<^bey extend varies with the variety, chmatic 
borS pra^ices, age of the tree and the amount of the crop 

nnder Lyallpur conditions in Langra mango 
takes place practically during each month commencing from 
Apnl and endmg with August and consequently as many flushes as five may be 
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produced during the growing season. Each flush, after it is initia, 1*0(1, grows 
for some time, stops and breaks out again till the growth Anally ceases. " The 
amount of growth produced by each flush in different years is again very 
variable, in some years it is more while in others it is less. 

The flower panicles are borne terminally on the last season's growth only and 
consequently once a shoot has born flowers or fruit it does not grow from the 
terminal bud, but the growth, if any, is made from the latcu’al buds. Again 
seasonal elongation of growth has a direct bearing on fruit bud differentiation 
but no work of the type has so far been done on this fruit. Numerous worlcers 
from time to time have studied the growth behaviour to fruitfulness in other 
fruit trees. Gourley [1915], Edminster [1017], Heinieke [1917], Roberts 
[1920, 1926], Maney and Plagge [1921], Hooker [1925], Dorsey and Knowlton 
[1925] and Swarbrick [1928], working on apples, have pointed out the 
importance of individual shoots or spurs in relation to fruit bud formation. 
All these investigations emphasize the importance of the relationship between 
growth characters and fruiting potentialities in applied plant physiology 
in horticulture. 

In order to study the relationship between various kinds of growth and 
productivity and to elucidate some of the growth conditions responsible for 
alternate bearing in the mango tree, a good deal of data has been collected 
during the years 1932 to 1938. It may be mentioned that due to lack of suitable 
material, the investigation could not cover several other phases, such as manur- 
ing, irrigation, ringing, pruning and carhohydrate-nitrogen ratio and its 
bearing on the vegetative growth, fruit production, etc., but it is gratifying 
to note that the extensive data so far collected have given some definite and 
valuable information in regard to the behaviour of various types of gro wth and 
their relation to fruiting in the following year, as well as the cause of alternate 
bearing and how this habit could be averted. The aim of the present paper is 
to deal with the findings of the investigations to date since the inception of the 
experiment. 

n. Procedure and material employed 

This paper deals with the investigations extending over a period of six 
years, the data having been collected by several workers. The investigations 
started in 1932 when the data were collected by K. 0, Naik, During 1933-34 
performance records were taken by K. C. Naik and Abdul Aziz Khan. : In 
1934-35 growth measurements wei’e taken by Pritam Singh Diol, but owing to 
the occurrence of frost in January 1935, the fruit buds were totally damaged 
and consequently the data could not be utilized. In 1935-36 the grovdh per- 
formance and flowering records were taken by Abdul Aziz Khan and in subse- 
quent' years by Sangat Singh. 

' .; Eull-grown grafted Langra mango trees, apparently uniform with regard 
to ■ their size, vigour and productivity, were selected for this investigation in 
the Mango and. Date Avenue at the Punjab Agricultural College, Lyallpur. 



838 




4 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, VI 

The trees included in the trial have all been raised by enarching over mango 
seedlings of unknown origin. This, no doubt, introduces an element of un- 
certainty as regards rootstock, but as all grafted mangoes are almost exclusively 
propagated by this method, it is believed that the results obtained would fairly 
represent the conditions in mango plantations in the Punjab. 

These trees are growing under practically uniform conditions of soil since 
their planting in 1913. None of these have ever been pruned and in other 
respects also they have been receiving fairly uniform treatments. From six 
Langra mango trees 134 and 120 shoots, initiated on the previous yearns growth 
in the months of April and June 1932, respectively, were selected at random. 
The shoots at the top of the trees being very high and not within easy reach of 
the recorder were not included during this year, though in subsequent selection 
of new shoots this was also done. These were numbered and labelled and 
designated as April and June flush shoots. Growth measurements from the 
previous year’s leafscar of each individual shoot were started as soon as any 
noticable enlargement of the growth took place and were recorded every 
week in halves of centimetres throughout the growing season till the period of 
quiescence when the growth indicated no further enlargement. In the spring 
of 1933, behaviour of individual shoots with respect to their bearing or non- 
bearing was noted and the means of the seasonal elongation growdh of both 
bearing and non-bearing shoots under each flush were computed. Again the 
performance records of these shoots with respect to their growth at monthly 
intervals were taken in the growing season of 1933 and the bearing and non- 
bearing shoots out of these were again recorded separately in the spring of 
1934 and their means of seasonal elongation compiled on the lines explained 
already. It would appear, therefore, from the above that the performance 
records of the shoots selected in 1932 were continued up to the spring of 
1934 after which period these were discarded on account of injury caused to 
them by frost in 1935. 

In the spring of 1935 only one tree was taken upon which shoots initiating 
at different times of the growing season were selected at random and these 
shoots were designated as April flush, May flush, June flush, July flush and 
August flush shoots according to the month in which they started to grow. 
The number of shoots belonging to July and August flushes was rather small 
but this could not be helped as these were the only shoots in their respective 
categories produced by the entire tree. Special precautions were taken to 
select these flushes on the previous year’s growth, to eliminate the chance 
of selecting shoots, in the later part of the growing season, on the earlier 
flushes and designating these wrongly. As a matter of fact, they may be the 
continuations of the flushes produced in the beginning of the growing season. 
The performance records of these shoots were continued to be taken up to the 
spring of 1938 on the lines already explained. 

In addition, 120 flowering shoots were selected on the same tree in the 
spring of 1935 out of which 20 were deblossomed intentionally early April, 
while seven others were accidentally deblossomed. The performance of the 
deWossomed shoots was maintained tiU the spring of 1938, 
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In. 1937 fresh shoots were selected from a single tree again, this tree being 
different from the one included in the trial in the spring of 1935. In the s|iFii'ig 
100 shoots each of April, May, June, July and August flushes were labeled ond 
their growth performance continued at fortnightly intervals till the shoot elonga- 
tion had finally ceased. In 1938 their behaviour as to fruiting was studied and 
the data compiled on the lines detailed above. 


Before closing this section of the paper, it is necessary to explaiii one point. 
Some may object to the inclusion of only one tree in the investigation after 
the year 1934. With regard to this, the attention of the x^eader is called to the 
importance of the ' build up ’ of the tree emphasized by E. G. Hatton [1930, 
1931] who, after a long series of experiments on the standardization of apple 
rootstocks, has showm the necessity of producing the rootstocks by vegetative 
means to reduce errors in the field experiments. To be sure of the ' build-up 
of the tree only one tree was selected, in which case there being only one stock 
and one scion, the element of uncertainty with regard to the material was 
eliminated. Of course the maximum number of shoots of representative type 
available on the tree in each category w’'ere included in the investigation and 
wherever possible not less than 100 shoots were selected in each category to 
start with, although, of course, later on, on account of sub-cla.ssification of the 
shoots according to their behaviour with regard to fruiting, the iiuiiiber in each 
group was reduced. 

The nature of the work does not appear to demand the application of any 
statistical method to determine significant differences in the results as most 
of the data accumulated during the period under study relate primarily to the 
periodicity and cessation of growth of shoots of bearing xind non-bearing type. 
The general behaviour and consistency of the main results shown throughout 
the investigations is of sufficient significance to justify the discussion of the 
results without the application of any such method. However, in 1932 and 1933 
when the trees under observation were six representing six replicates, the 
method of analysis of variance advocated by Fisher [1934] was applied on 
Tables II, TV and VI in the appendix to see -whether the results were signi- 
ficant. From each table variances due to. different variables were separated 
and standard, error of the mean and significant diffe.i"eiice calculated from 
the variance due to error. Standard errors of the means and significant differ- 
ences were, calculated and shown along with the tables. 

III. Presentation of data. 

In connexion with the periodicity or seasonal elongation of the shoots 
and their subsequent behaviour in regard to flowering or non-flow'X*;riiig in the 
following spring, the terms ' would-be flow^ering shoots ’ and ^ would-be non- 
flowering, shoots ’ are frequently used. In order to avoid any misunderstand- 
ing,' it may be mentioned that ' ■would-be flowering' shoots " would refer to 
those shoots that flow^ered in the following spring and ' wHuld-be non-flo.wermg 
shoots ’ were those that did not flower in the following spring. 



8i0 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [IX, VI 
L Periodicity of extension growth, 1932 
(a) April flush 

1. Actual mean extension growth .- — ^Data regarding the mean total extension 
growth in centimetres per shoot in 1932 of April flush shoots that flowered or 
remained barren in the following year is given in Table I and shown graphically 
in Fig. 1 {a). 



Time 


Fig. 1. Mean extension growth in 1932 of ‘ wonid-be flowering ’ and ^ would-be 
non -flowering ’ shoots of April and June flushes 

Fig. {a) 1 shows that during the last week of April the growth rate was high 
in the case of both 'would-be flowering ^ and ' would-be non-flowering ’ shoots 
after which till the beginning of May the growth slowed down in both the 
cases. From 6th to 21st May there was a gradual increase in the growth of 
^ would-be flowering ’ shoots, whereas in ' would-be non-flowering ^ ones the 
growth was rapid from 6th to 11th May, after which it stopped altogether for 
about ten days. From 21st May to 16th June there was a gradual increase in 
both the shoots after which another stimulus was observed till the end of June 
in both the ' would-be flowering ’ and ' would-be non-flowering ’ shoots. From 
the beginning of July till the end of the growing season, growth slowed down 
in the ' would-be non-flowering ’ shoots whereas in the others it stopped 
altogether. 
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2, Oalculated growth on percentage Data in Table I were re-calciilatecl 

on tbe basis of percentages on the final length of the shoots at the end of the 
growing season and shown in Table II. 

Table II shows that from the beginning of the growing season till the inidcUe 
of June, the percentage amount of growth produced by the shoots that 
flowered subsequently was significantly higher than those that remained 
barren. After this till the end of the growing season there was no significant 
difference between the percentage growth of shoots of both the categories, 
although the figures in the case of ^ would-be flowering ’ shoots remained 
comparatively high. 

(6) June flush 

1. Actual mean extension growth . — ^Data regarding the mean total extension 
growth in centimetres per shoot in 1932 of June flush shoots that flowered or 
remained barren in the following year is presented in Table III and shown 
graphically in Fig. 1 (6). 

Fig. 1. [b) shows that out of the shoots of June flush those that subsequently 
flowered or remained barren there was practically no difference in the rate 
of their extension growth from the beginning of the growing season till 
the middle of July, after which the growth ceased altogether in the case of 
would-be flowering ’ shoots whereas the ^ would-be non-flowering’ shoots 
grew rapidly for a week and slowed down later on at the end of the growing 
season. 

2. Calculated growth .— from Table III were re-calculated in percent- 
ages on the final length of the shoots and presented in Table IV. 

Table IV shows that, from the beginning of the time the growth started till 
the middle of July, the percentage amount of growth in the ‘ would-be flower- 
ing ’ shoots was significantly higher than the ^ would-be non-flowering ’ ones. 
After the middle of July the percentage growth of both the types of shoots 
was practically at the same level. 

2. PERIOHICITy OF EXTENSION GROWTH, 1933 

(a) Non-bearing shoots of April and J une flushes 

1. Actual mean extension growth . — -Data regarding the mean total extension 
growth in centimetres per shoot in 1933 of shoots that flowered or remained 
vegetative in the following year (1934) is given in Table V and sliowm giaphi- 

cafiy in Fig. 2. 


ft 
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Time at monthly intervals 

Fig. 2. Mean extension growth in 1933 of ^would-be flowering’ and ‘woiild-be 
non-fiowering ’ shoots of April and June flush shoots non-bearing in 1933 

In Fig. 2, while comparing the growth curves of the April flush it is evident 
that greater amount of growth was produced by shoots that flowered in the 
subsequent year than those that remained barren from the 3rd week of May to 
the 3rd week of June after which period both the types of shoots grew practi- 
cally at the same rate for a month. Towards the end of the growing season 
for about a month the shoots that flowered in the following spring had stopped 
growing, whereas during this period the others continued growth at a rapid 
rate. 

With regard to the June flush shoots, both lands of shoots grew practicaly 
at the same rate during the first month of their growing season. During the 
2nd month, however, the ^ would-be flowering ’ shoots grew at a more rapid 
rate than the ' would-be non-flowering ’ ones. During the next month the 
^ would-be non-flowering ’ shoots grew more than the others and during the 
last month of the growing season the " would-be flowering ’ shoots stopped 
growing altogether while the " would-be non-flowering ’ ones continued growth. 

2, Calculated growth from TMe Y were re-calculated in percent- 
ages on the final length of shoots and presented in Table VI. 
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Table VI shows that the percentage amount of ^owth produced by the 
^ wotild-be flowering ^ shoots of April fl,ii.sh was more than the ' woiikl-be non- 
flowering ^ ones throughout tlie gro”^iiig season, tlioiigli, during the first month 
of the growth, the difference was not significant. In the ease of the June flnsli 
the ^ would-be flowering ’ shoots produced sigiiifica'iitly iiioio growth than 
the ' would-be non-flowering ' ones tlironghoiit the growing season. 

If comparison is made' between "" would-be flowering ’ shoots ot the April 
and June flushes it is evident that growth produced by^tlio April flush was 
significantly more than the June flush till the last week of June but during the 
end of the next month the shoots in both the flushes were at the same level. 

• The behaviour of 'would-be noii-flow^eriiig ’ shoots of both the flushes was also 
the same, 

(b) Bearing shoots of April md June flushes 
■ 1, Actual mean extension growth,— A b is clear from Table VII^ out of 60 
shoots of the April flush and 39 of the June flush, all of which were bearing 
fruit, only 15 in the former and two in the latter made extension growth during 
the same year, and out of these only two in the former case and none in the 
latter flowered in the following spring (1934). The clata regarding the inean 
total extension growth in. 1933 of bearing shoots t.hat fl.owered or remained 
vegetative in the following year is given in Table VII and shown grapliically in 
Fig. 3. ' 



Fig. 3* Mean exteBsion growtii in 1933 of 
nomflowaring ’ shoots of April and June finslies 


^ would-be flowering 
bearing in 1933 




and ^ woiikl-he 




ti'! 

|i|;5 |l||f|;:: 


844 THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [-Jx yj 

Kg. 3 shows that the hearing shoots of the April flush whlf>L oT 
flowered in the following spring (1934), made very rapM growth from MaJjn 
June (1933) and for another month continued growth at a slower rate and 
ceased growing altogether towards the end of July. On the other haSl thni 
bearing shoots of the April flush which did not flower in the subsemt?i?t^^ 
(1934) continued growth till late in the season of 1933 with no^ndieatiorS 
rapid growth between 20th May and 20th June. 

No shoot of the June flush flowered and consequently no growth curve fer 
these M plotted m the ligore. The ■ would-be n Aflowering 's Cfa 3 iSl 
flush If oempated with ' would-he non-flowering’ shoote of Hw A™.'? 

on tht 

ae month of Jm.e and July the gSi^Zl'So^^hZZS 
April flush was more than the ‘ would-be non-flowering ’ ones.® ^ 

3. GBOWraPEEFOBMAHCE AND FLOWEEIKU records OF SHOOTS FROM 1933-34 
(a) Actual growth and flowering record of shoots selected in 1932 

Datavegar^ng the growth and flowering record, from 1932-34 of 
and June flush shoots selected in 1932 are presented in TabriX ^ 

that flowered or remaStS'l' 00 “^^ SZ t 

CoTurn 6 giv™SrnumteT?f 
ofshootsif theprev™coW 

firstly that the ^shoots thTCwerS w^^^^ of great interest, 

extension growth in tbo nr/nooeUw. those shoots that made 

during thl™ of 

flowering ones Tho 1n+foT ^ Jess number as compared to non- 

nowenng ones. The latter point is brought out more clearly in Table X. 

( 6 ) Per^e nufnier cf .hoot, jhwenng and growing 

growi^ZTariS LZ“^eSl1t“n«nS 

100. '^In'^Sd^cdiZ' af Mmmt°°*’ “(oy’" aeleofed are assumed as 
out of column 2 is given In flowering and non-flowering 

the previous eoZf rprese^M TA‘ foyf-^yo of shoots growmg out of 
given are calculated on the numbe; of sLte in ooWn 3.““° 

ing a slight increase in the Mrn^nf ^ ®^ow- 

oTthe shoots tharflowemdTl 933 ^^^ 0^^ 

growth as compared with thosse that did^S fl number made extension 

tion between growth and nrndn«+- inverse correla- 

growtn and productivity during the same year. Again if the 
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flushes are compared between themselves, more shoots grew in tlie case of the 
April flush. In 1934 greater number of shoots flowered out of thc^se wliicli 
did not flowor in the previous year. And conversely a smaller n uiiilier of shoots 
flowored out of those w^hicli flow^ered in the previous year in ilie case of the 
April flush and none at all in the case of the June flush, thus sliowiiig a ten- 
dency of alternate bearing on the same shoots. 

In 1934 also the April flush continued to be more important than the Jiioe 
flush with respect to productivity. 

4. Periodicity of extension growth, 1935 

(a) Shoots of different flushes selected in 1935 and allowed to gmti) tcUhoai 
imposing any other treatment on them 

. The mean total extension growth in centimetres per shoot of different 
flushes is given in Table XI and sliowm graphically in Fig. 4, The calculated 
mean grow^tli per shoot in percentages on the final length of the shoot is also 
given in this table. 
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April flush. — ^In shoots that flowered in the following year the rate of 
extension growth during May, June and July w^as more than the ‘ would-be 
non-flowering ’ ones, after which for a month the latter shoots grew at a slightly 
more rapid rate than the former ones. During the last month of the growing 
season the ‘ would-be flowering ’ shoots almost ceased growing, whereas the 
others continued growth at a rapid rate. 

Mky: .flfUSh^Th.e ‘ would-be flowering ’ and ‘ would-be non-flowering ’ 
shoots of this flush behaved in exactly the same way as those of the April flush. 
During the earlier part of the growing season, the growth rate of ‘would-be 
flowering ’ shoots was more than the ‘ would-be non-flowering’ ones, whereas 
during the last month it was quite the reverse. 

June flush. — The behaviour of shoots in both the categories was in con- 
formity with those of other flushes already mentioned above. 

July flush. — ^The ‘ would-be flowering ’ shoots grew at a quicker rate than 
the ‘ would-be non-flowering ’ ones till August, after which the growth in the 
former slowed down considerably, whereas the latter grew during the first 
month, stopped altogether for the next and started to grow at a rapid rate 
during the last month of the growing season. 

August flush. — ^The ‘ would-be flowering ’ shoots grew only during the 
month of August, and stopped extension growth altogether in September, 
whereas the non-flowering shoots went on growing tiU the end of the growing 
season. 

From the above data on the shoots of aU the flushes it is borne out clearly 
that the shoots that flowered in subsequent year made extension growth at 
rapid rate early in the season and stopped growing about a month earlier as 
compared to the shoots which remained barren in the following spring. 

The calculated extension growth in percentages on the final length of the 
shoots in Table XI shows that invariably in all flushes the percentage of growth 
produced by the shoots that flowered in subsequent year was much more than 
the others throughout the early part and major portion of the growing season. 

(b) Deblossomed shoots 

The mean total extension growth, actual and calculated in percentages, 
of shoots that were deblossomed in early spring 1935 is given in Table XII. 
The mean total extension growth is shown graphically in Fig. 6. 

In Fig. 5 it is quite interesting to note that extension growth in both the 
categories of shoots (i.e., those flowering or not flowering in the following 
year) did not take place during April and May. In Jime both the types of 
shoots started to grow but the ‘ would-be flowering ’ ones evidently grew 
earher and at a much quicker rate than the others. By the end of July the 
‘ would-be flowering ’ shoots had made slightly greater growth than the ‘ would 
be non-flowering ’ ones. In the following two months the ‘ would-be flower- 
ing ’ shoots (i.e. flowering in the subsequent spring 1936) inade very httle 
growth, while the others that remained barren in the subsequent spring made 
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tremendous growth during the month. Table XII shows that out of the total 
extension growth made by shoots of both categories the * would-be flowering ' 
shoots made 97*4 per cent against only 54*5 per cent in the case of ** would- 
be non-flowering ’ ones by the end of August. 



Time at montWy intervals 

Fig. 5. Mean extension growth in 1935 of ‘ would-be flowermg’ and « would-be 
non-flowering ’ shoots deblossomed in 1935 

5, GbOWTH PBBFOEMANOB AND ELOWEBINa BlCOEnS OF SHOOTS FBOM 1935-38 

(a) Shoots of different flushes selected in 1935 and allowed to grow without 
imposing any other treatment on them 

1. Actual data regarding the growth and flowering records from 1935 to 
1938 of different flushes selected in 1935 are presented in Table XIII. 
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Table XIII is self-explanatory excepting columns 6 and 7 wbicli need 
explanation. In column 6, (a) shows the number of shoots growing out of 
flowering shoots in the previous column ; (b) shows the number of shoots grow- 
ing out of the non-flowering shoots in the previous column ; and (e) shows the 
number of shoots growing out of shoots (in column 4) which did not grow in 
1936. Column 7 shows the number of growths produced on the total number 
of growing shoots in the previous column. It is evident from the table that 
out of the shoots that flowered in spring, smaller number made extension 
growth in the subsequent year as compared to the non-flowering ones. Also 
the flowering shoots in the subsequent year fruited in far less number than the 
others. 

Table XIV, which is prepared from Table XIII, clearly indicates this 
behaviour of the shoots. 

Table XIV 

Percentages of shoots growing in 1936 mid bearing in 1937 out of flowering and 
non-flowering shoots under each flush in 1936 


Out of the shoots in each flush that flowered in 1936 very few made 
extension growth during the same year, and also flowered in less number in 
the following year as compared to the non-flowering shoots, thus showing 
firstly the tendency of individual shoots to bear in alternate years and 
secondly that growth in the preceding year jjredetermines the fruitfulness in 
the subsequent year or in other words there is a direct relationship between 
number of shoots growing in the preceding year and the number of shoots 
flowering in the following year. 


Name of Rush 

No. of shoots flowering 
and non-flowering in 

1936 

Percentage 
No. of 
shoots 
growing 
in 1936 

Percentage 

No. of 

shoots Remarks 

flowering 
in 1937 

April 

(a) Flowering 

156 

31*4 

1-9 


(6) Non-flowering 

44 

79-6 

13-6 1 

May 

(a) Flowering 

83 

4-8 

0*0 1 1 Shoots largely 


(6) Non-flowering 

17 

5‘8 

0*0 If in shade 

June 

(a) Flowering 

90 

17*7 

1*1 1 


(b) Non-flowering 

10 

90-0 

10-0 

July 

(a) Flowering 

7 i 




(6) Non-flowering 

3 

i66*o 

66*0 

August 

(a) Flowering 

5 




(b) Non-flowering 

5 

60-0 

I 

20*0 
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2. Calculated daM in percentages on the original number of shoots. — In order 
to elucidate the above observations more clearly the data of Table XIII are 
calculated, in percentages on the origmal number of shoots selected under each 
flush in 1935 and presented in Table XV. 

The table shows firstly that out of the shoots of each, flush of 1935 the 
percentage of flowering shoots was very much higher in 1936 than in 1937 
and it again went up in 1938. Secon^y the relation of number of shoots 
growing in the preceding year and the number of shoots flowering in the 
following year was again established by the data in Table XV. Thirdly there 
was an antagonism between the number of shoots growing and number of 
shoots bearing during the same season, i.e. vegetative growth was at the 
expense of fruitfulness and vice versa. 

If the mean of all the flushes is taken as shown in Table XV, it would 
show the behaviour of the tree as a whole as the representative shoots from 
each flush were selected on the tree. The behaviour of the tree as a whole 
with regard to growth and productivity is the same as mentioned above for 
each flush. 

The relative importance of different flushes with respect to productivity 
is also shown in column 3 of Table XV, where it is evident that three flushes 
initiated earlier were more important than the other two initiated later. 

(b) Deblossomed shoots 

It has been clearly demonstrated that (a) shoots bearing fruits seldom 
make extension growth during the season and seldom bear fruit next year and 
(6) shoots making extension growth largely hear crop next season provided 
growth ceases fairly early in the season. It would be interestiug to note how 
the shoots, actually in flowering would behave with regard to extension growth 
during the season and fruiting during the next season in case they are 
deblossomed. 

Table XVI shows that shoots that were deblossomed in 1935 grew^ again 
in the same year and out of the 27 shoots no less than 20 flowered in the 
following year. The shoots that flowered in 1936 did not grow again durmg 
the same year, while of the others which did not flower in 1936 all excepting 
one grew. In 1937 no shoot flowered out of those flowering in 1936 and two 
flowered out of those that did not flower in the previous year. 

The data from Table XVI is calculated in percentages on the original 
number of shoots deblossomed in 1935 and presented in Table XVII which 
shows that : firstly deblossoming the shoots induced them to grow again 
during the same year and to flower in the subsequent years ; seconffly the 
percentage of flowering shoots in 1936 was more than in 1937, and in 193b 
again the percentage of flowering shoots went high, thus showing the tendency 
of individual shoots to bear in alternate years ; thirdly there was a positive 
correlation between growth in the preceding year and productivity in the 
following year ; and fourthly there was an antagonism between the number of 
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flowering and growing shoots during the same year and all this is in con- 
formity with the results obtained in the case of normal shoots not dehlossomed. 

6. PBRiODiciry op extension growth, 1937 

The mean total extension growth in centimetres and calculated growth 
on percentage basis per shoot of various flushes selected in 1937 are given in 
Table XVIII and shown graphically in Fig. 6. 


FLO WBHim 


riOW£RlN<i 


May Non- flow bring 


July Flowering 
August Flo\ne.rino 
i.JuHE NON-F LOWERING 


April non -flowering 

June flo \ne r in c 


August AfON-FLovimtNQ 


July non-flosnb,ring 


15 30 15 30 15 30 15 30 15 50 15 50 

April May Jmie Aug. Sept. 

Time at fortnightly intervals 

Fig. 6. Mean extension growth in 1937 of ‘ would-be flowering ’ and * would-be 
non-flowering ’ shoots 

April flush , — The rate of growth of " would-be flowering ’ and ‘ would- 
be non-flowering ’ shoots from April 15th to May 15th was the same after which 
period till 15th July the growth was progressing at a rapid rate in the case 
of former shoots, whereas in the latter ones the growth during this period was 
slow. From 15th July to 30th August the growth rate was practically the 
same in both the categories of shoots after which the ^ would-be flowering ’ 
shoots stopped altogether while the others went on growing till the end of 
September, 
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May flush. — From 15th May to 30th June the growth rate in case of 
‘ would be flowering ’ shoots was slightly more than the ‘ would-be non- 
flowering ’ ones after which till 15th August both the types of shoots were grow- 
ing at the same rate. After 15th August the ‘ would-be non-flowering ’ shoots 
grew at a rapid rate till the end of September while ‘ would-be flowering ’ 
shoots stopped growing as early as the end of August. 

June flush. — The growth of both the categories of shoots was at the same 
rate till 30th July after which for a fortnight the * would-be flowering ’ 
shoots were growing comparatively rapidly. From 15th to 30th August the 
‘ would-be non-flowering ’ shoots grew at a rapid rate, whereas the ‘ would-be 
flowering ’ ones during this period slowed down considerably and ceased growth 
by 30th August. The ‘ would-be non-flowering ’ shoots went on growing till 
the middle of September. 

July flush. — ^Both the t 3 ^es of shoots stopped growing from 15th to 
30th July after which for a fortnight the ‘ would-be flowering ’ shoots grew at 
a more rapid rate than the ‘ would-be non-flowering ’ ones. On 15th August 
the growth of ‘would-be flowering’ shoots ceased, whereas the ‘would-be 
non-flowering ’ ones went on growing till 15th September, after which the 
growth slowed down and finally stopped at the end of September. 

August flush. — ^The growth of ‘ would-be flowering ’ shoots was more than 
the ‘ would-be non-flowering ’ ones from 15th to 30th August. After this the 
former ceased growing altogether, whereas in the latter the growth slowed down. 

From the above it is evident that the ‘ would-be flowering ’ shoots (i.e. 
those that flowered in the subsequent spring) in every flush produced more 
growth earlier in the growing season and stopped earlier, whereas the 
‘ would-be non-flowering ’ shoots produced more growth during the latter 
part of the growing season and continued to grow till late in the season. All 
the shoots that flowered in subsequent year stopped growth by the end of 
August, while the others continued to grow till the end of September. 

Table XVIII, besides showing the actual extension growth at fortnightly 
intervals, also shows the growth in terms of percentages which elucidates even 
more clearly the points referred to above. 

7. 'P. w.A TiV'Hi . . of VABIO'US flushes WTFH BESFECT TO' 

FBOBUGTIVITY 


From column 2 of Table XVIII the percentage number of shoots that 
flowered in each flush is calculated and set out below. 


N'ame of flush 

April 

May 

J'liiie 

July 

August 

Porcentago number of 
shoots flowering . 

36‘7 

J 

■ 29'4 

19 -.8 i 

i 

I 

I 11-0 

. 7;0 
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The table shows that the shoots initiated earlier in the growing season 
came into flower in greater nnmber than those which started to grow late, 
emphasizing that the earlier flushes are more important from the point of view 
of productivity. 

IV. Discussion 

The seasonal elongation of shoots, as observed over a number of years on a 
considerable mimber.. of shoots growing on several or individual trees, 
revealed that the flowering and non-flowering shoots (i.e. the shoots that in 
the subsequent spring were to flower or remain barren) exhibited in the 
previous season a marked difference in their growth periodicity. The flower- 
ing shoots in the preceding year grew at a much rapid rate and put on relatively 
more growth during the early part of the growing season as well as ceased 
growing about a month earlier than those which did not flower. The non- 
flowering shoots during the preceding year grew at a lower rate in the beginning 
and went on growing till late in the season. The association of more amount 
of growth during the early part of the growing season and cessation of extension 
growth earlier to fruit bud formation is conclusively established in shoots of 
the Langra mango under Lyallpur conditions. The reason for this behaviour 
of the shoots can be sought in their period of leaf activity and maturation of 
their wood. Khan [1938], working on apples, has shown the similarity of 
curves for total leaf area and total shoot growth. This shows that periodicity 
of extension growth and seasonal development of leaf area are associated, and 
it is reasonable to believe that the same relation also holds good in the case of 
the fruit under study. Consequently leaf area in the case of shoots developing 
and stopping earlier remained active over a greater period in the growing season 
as comiiared to other shoots, and was thus responsible for fruit bud differen- 
tiation. Hartless [1913] has mentioned that hard, ripe wood in mango is 
very essential for fruiting, and flowering shoots of mango are usually produced 
in late spring and summer. He mentions that he saw a very good crop of mango 
following a monsoon that closed completely fairly early in September and that 
a prolonged monsoon was inimical to a good mango season the following year. 
In fact research on this phase of the problem on apples and other fruits has 
also shown that any treatment, whether rootstock, pruning, ringing or any 
cultural practice that induce this type of growth are conducive to fruit bud 
formation. It has been shown by Swarbrick [1927] that under certain conditions 
ringing is a sure way of bringing about flower bud formation in over-vegetative 
trees. Lees [1926] has pointed out that in England dry summers are more 
conducive to flower bud formation than the wet ones. Again certain vegetative 
rootstocks have also been shown to bring about precocity in the scions worked 
upon them [Hatton, 1920, 1925], It is well known also that fruit 
trees under sod or some form of cover crops are more prolific of fruit bud 
formation than those under clean cultivation provided nitrogen is not a limiting 
factor. All the above conditions have a common influence on tree growth in 
that they retard the vegetative growth and induce its cessation relatively 

earlier m 'the season. , ' t 
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The second point to be discussed is the growth performance and liowerifig 
records of shoots from year to year. It was found in this connection tiiat in 
mature trees there was an antagonism between productivity and growth on 
the same shoots during the same growing season. The shoots bearing fruit 
either did not grow or grew in very small number dming the .same growing 
season, whereas non-fruiting shoots grew in greater number. Secondly the 
shoots that flowered in one season either did not flower at all or flowered in 
very small number in the following year, showing a tendency to bear biennially. 
Thirdly only those shoots flowered which grew and stopped growth earlier in 
the preceding year. The shoots that did not grow did not flower in the folfjw- 
ing year, showing that flowering in Langra mangoes took place only on one 
year old growths and consequently there was a direct relationship between 
the number of shoots growing in a season and the number of shoots flowering 
in the subsequent year, provided of course the number of growing shoots 
produced desirable type of extension growth required for fruit bud foiination. 
From the above information it is evident that lack of fruiting on the shoots of 
Langra mangoes in any particular year is brought about through lack or 
absence of the desirable type of extension growth in the preceding year. This, 
combined with the antagonism of fruiting to vegetative groudh, brings about 
biennial bearing. This would explain partly why young mango trees compa- 
ratively bear regularly every year, since along with fruiting, adequate amount 
of growth is also being produced. If by some means a balance betw'een growth 
and flowering is maintained every year, it should be possible to secure a reason- 
able crop year after year. It would be desirable to mention here how through- 
out the province there is very little or no mango crop in one year and plenty 
in another which should not happen in the normal course on account of the 
fact that aU mango plantations are not of the same age. This phenomenon of 
biennial bearing in mango throughout the mango-growing areas is brought 
about by external factors, like frost or pests and diseases, which annihilate 
either the potential fruit buds or crop throughout and disturb the enquilibrium 
of the trees. During the year if the crop is damaged aU the energy of the trees 
is expended in the production of vegetative growth and dm'ing the next year if 
there is no external calamity the trees blossom profusely and fruit in abundance 
with no vegetative growth to provide for the crop during the next year. Once 
this happens the trees tend to bear biennially unless of course this habit is 
again changed by the external factors mentioned above. It stands to reason 
that in a year of heavy fruiting, any cultural treatment tending toencom-age 
extension growth of shoots should biing about fruiting in the subsequent year 
also and thus break the biennial bearing habit of the tree. 

It has been shown that the shoots that ceased growth earlier became 
productive irrespective of their age, though, of com'se the number of such 
shoots was greater in flushes initiated earher. April, May and June flushes 
were found to be more important than July and August flushes from the 
point of view of fruitfulness. Excepting one year the order of uuportaiice 
even in the three earlier flushes was according to the time these n ere initiated. 
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he. April flusli was more important than the June flush and June flush in turn 
was ro-ore important than July flush. If comiiarison is made between July 
and August flushes the former was more important than the latter. This 
information throws some light on the importance of early growth initiation. 
And to get a reasonable quantity of crop in mangoes under Lyallpur condi- 
tions it is very essential that the growth initiation should take place fairly 
early in the preceding season. In the light of this it seems desirable to modify 
the cultural practices in a way so as to bring about maximum growth faiiiy 
early in the season. 

Deblossoming the shoots early in the spring resulted in inducing the 
deblossomed shoots to grow in the same season and behave like other shoots 
not bearing fruit, and about 70 per cent of these shoots flowered and fimited 
again in the subsequent year. This response of mango to deblossoming seems 
to be of vital importance in regulating the crop every year, since by adopting 
this practice it is shown to be possible to induce vegetative growth in the tree 
during the same year and bring about fruiting in the following year. Over- 
bearing during one year brings about biennial bearing in the mature mango 
trees, and by deblossoming this habit can be averted and the trees brought into 
bearing annually. These results are supported by the evidences of other 
workers on other fruits. Aldrich [1931] has shown that thimied trees set more 
blossom in the subsequent year than the unthinned ones. Aldrich and 
Metcher [1932] have proved that heavy fruit thinning within six weeks of 
blossoming dates is apparently effective in increasing the fruit bud formation 
for the following year. McCormick and others [1933] have pointed out that 
pre-thinning (a term used to denote the procedure of removing blossom 
clusters at or about blooming time) would correct biennial bearing in apples. 
Potter [1936] has shown that biennial bearing is due to an early drain on the 
tree caused by the many fruit developing prior to June drop and early thinning 
may be expected to increase the amount of bloom in the succeeding year. 
He has shown that on an average 25 per cent of the spurs on the trees thiimed 
earlier in the season produced blossom again in the following year. 

V. Summary and conclusion 

1. The paper deals with the investigations carried out at Lyallpur from 
1932 to 1938 on the relation of growth to bearing in mangoes. 

2. Six uniform grafted Xangra mango trees of the same age growing on 
seedling rootstocks and under uniform cultural and other treatments were 
included in the investigation in 1932 and kept under observation up to the 
spring of 1934. In 1935 only one tree was included in the project to eliminate 
the element of uncertainty with respect to the ^ build up ’ of the tree and this 
tree was kept under observation till the spring of 1938. In 1937 another tree 
was included in the experiment and kept under study till 1938. 

3. From the above trees, flushes initiated during different months of the 
growing seasons on the last year's growths were selected and designated 
according to the month in which they started to grow. 
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4. Shoots of different flushes were labelled and seasonal elongation of 
each shoot was recorded after suitable intervals of one week, two weeks and a 
month in different years till the extension growth stopped altogether. In the 
following year the behaviour of each individual shoot was noted ^th respect to 
flowering or otherwise. They were grouped into flowering and non-flowering 
shoots and the means of seasonal elongation of growth of these shoots in the 
previous year computed separately for both types of shoots. In the text of 
this paper, while discussing the behaviour of these shoots in regard to their 
growth per odicity prior to flowering, the terms ‘ would-be flowering ’ .shoots 
and ‘ would-be non-flowering ’ shoots have been used for these shoots." 

6. In addition to the study of seasonal elongation of shoots and its bearing 
on fruiting in the following year, observations on these shoots wore continued 
for a couple of years in regard to their growth and flowering performance. 

6. Flowering shoots were deblossomed and their behaviour in regard to 
seasonal elongation during the year of deblossoming as well as flowering or 
otherwise in the following year was studied and this was continued for four 
years. 

7. The data was examined statistically whenever the material warranted 
such examination. 



8. ‘ Would-be flowering’ and ‘ would-be non-flowering ’ shoots exhibited 
a marked difference in their growth periodicity during the year preceding 
flowering. Shoots that flowered in the subsequent year made most of the 
extension growth early in the season and ceased growing about a month earlier 
as compared to the shoots that did not flower in the followiog spring. This 
was consistently observed over a period of four years on about 1,300 shoots of 
April, May, June, July and August flushes. 

9. An antagonism between productivity and growth on the same shoots 
during the growing season was established, i.e. fruiting and vegetative growth 
were always at the expense of each other. 

10. There was a direct relationship between the number of shoots growing 
in one season and the number of shoots flowering in the subsequent spring. 

11. The shoots that flowered in one season either did not flower or 
flowered in very small number in the foUowing year, thus indicating a tendency 
of alternate bearing on individual shoots. The causes of ‘ on ’ or * off ’ years 
in mangoes throughout the mango-growing tracts are also discussed. 

12. The fruit-bud initiation took place only on one season old shoots. 

13. The flushes initiated early were more important than those initiated 
late in the season with respect to productivity in the following year. 

14. Deblossoming early in the season resulted in inducing the shoots to 
grow in the same season and bear in the next. They behaved exactly in the 
same way as shoots that did not flower. 
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Qrmoth performance and flowering record from 1932 to 1934 of April ard June flush shoots selected in 1932 
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NOTES 


Notice No. 3 of 1939 

The following Plant quarantine regulations and import restrictions 
have been received in the Imperial Council of Agricultural Research. Those 
interested are advised to apply to the Secretary, Imperial Council of Agri- 
cultural Research, New Delhi, for loan. 

I. List op United States Depaetment of AaEioxTLTtrEE, Btteeau of Ento- 
mology AND Plant Qtjaeantinb, seevece and eegdlatoey announce- 
ments 

1. Consolidated Service and Regulatory announcements, Janmry-MarcJi 
1939 

2. Quarantine and other official announcements — 

(i) Japanese Beetle Quarantine (No. 48) — Revision of regulations. 

{ii) Pink BoUworm Quarantine (No. 52) — Revision of quarantine and 
regulations. 

3. Summaries of plant quarantine im;port restrictions — 

(i) Union of South A/nca.— Restrictions on the importation of hay 
and straw as packing for merchandise. 

{ii) Eire {Irish Free /Stoie).— Chrysanthemum Midge Order amended 
— ^importation of chrysanthemum plants prohibited. 

{Hi) British Colony of ilfaZto.— Potatoes may be imported from 
Alexandria, Eg 3 rpt. 

{iv) Iran (Pema).— Disinfection certificate required for flower bulbs 
and ornamentals. 

{v) Commonwealth of Australia . — ^Restrictions on the importation of 
vegetables— amendment of regulation 21 of the Regulations 
effective September 19, 1935. 

{vi) Commonwealth of Australia,— Stone firuit trees from United 
States— Each State regarded as a country. 

foil) Colony of St. Lucia {British West Indies).— Importation of 
banana plants prohibited. 

(viii) Mandated Australian Territory of New Guinea.— T>\%es.t of plant 
quarantine import restrictions. 

(icc) Republic o/ Pimtowd.- Precautions against foot-and-mouth 
disease. 


* ' I 
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(«) British Colony and Protectorate of Sierra Leone. — Revision of the 
digest of the plant quarantine import restrictions. 

4. List of intercepted plant pests, 1937 

n. Other announcements 

1. Nyasaland Protectorate — 

(i) Proclamation No. 4 of 1939 — ^import restrictions of certain plants 
plant portions and plant products grown or produced in the 
territory administered by Companhia de Mozambique. 

(ii) Proclamation No. 8 of 1939 — ^import restrictions of certain plants 
or portions of plants from certain districts in the Cape Province 
of the Union of South Africa. 

2. Colony of St. Lucia. — Proclamation — ^prohibition of importation of oil 
sands from Trinidad. 


NOTIPICATION No. F. 7-6/39, DATED THE 15th JUNE 1939, ISSUED 

BY THE GOVERNMENT OF INDIA, IN THE DEPARTMENT OP 
EDUCATION, HEALTH AND LANDS 

The following Order issued by the Ministry of Agriculture and Fisheries, 
London, called ‘The Importation of Plants Order of 1939’, is published 
for general information 

STATUTORY RULES AND ORDERS 
1939,No.53S 

DESTRUCTIVE INSECT AND PEST, ENGLAND 

The Importation of Plants Order of 1939, dated Ma y 16, 1939 
(D.I.P.-605) 

The Minister of Agriculture and Fisheries by virtue and in exercise of 
the powers vested in him under the Destructive Insects and Pests Acts, 1877 
to 1927^“), and of every other power enabling him in this behalf, orders as 
follows : — 

Definitions 

1. In this Order, unless the context otherwise requires : — 

‘Importer’ includes any person who, whether as owner, consignor 
or consignee, agent or broker, is in possession of or in anywise 
entitled to the custody or control of the article. 

‘ Inspector ’ means an Inspector or other authorised officer of the 
Ministry of Agriculture and Fisheries. 

(o) 40 & 41 Viet, e. 68, 7 Edw. 7. o. 4 md 17 & 18 Geo. 5. e. 3?. 


NOTES 
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' Minister ’ means tlie Minister of Agriculture and Fisheries. 

' Plant ’ includes tree and shrub, and the fruit, seeds, tubers, bulbs, 
corms, rhizomes, roots, layers, cuttings and other parts of a 
plant. 

^ Raw vegetables ’ includes raw tomatoes, raw aubergines, and raw 
salads, but does not include mushrooms or cucumbers. 

‘ Unhealthy ’ means affected, with any insect, fungus, bacteria, or 
other vegetable or animal organisms or any agent causative of a 
transmissible crop disease. 

Application of Order 

2. Nothing in this Order shall be deemed to prohibit or restrict the 
landing or transhipment in England or Wales of any plant grown in Scotland, 
Northern Ireland, Eire, the Isle of Man or the Channel Islands. 


Prohibition against landing and restriction on transhipment in England or 

Wales of certain potatoes 

3. (1) The landing in England or Wales of any potatoes grown in the 
undermentioned countries is hereby prohibited : — 

the United States of America, the Dominion of Canada and European 
France. 

(2) The transhipment in England or Wales of any of the potatoes speci- 
fied in paragraph (1) of this Article is prohibited except under and in accord- 
ance with the conditions of a licence issued by the Minister or by an Inspec- 
tor. 

(3) In this Article /potatoes’ includes potato haulms, leaves and 
stalks. 

Prohibition of importation of plants of sugar beet and mangold and of chry- 
santhemum plants 

4. (1) For the prevention of the introduction of virus diseases of sugar 
beet and mangold the landing in England or Wales of any plant of sugar 
beet or mangold of the species Beta vulgaris Linn, (except the seeds thereof ) 
is hereby prohibited except under and in accordance with the conditions of 
a licence issued by the Minister or by an Inspector. 

(2) For the prevention of the introduction of the Chrysanthemum Midge 
(Diarthfonomyia hypogaea F. L5w.) the landing in England or Wales of any 
chrysanthemum plant (except the seeds thereof) is hereby prohibited except 
under and in accordance with the conditions of a licence issued by the Minis* 
: ter or by an Inspector^ , , 
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Restrictions on landing in England or Wales of certain plants and potatoes 

5. (1) The landing in England or Wales of any of the plants mentioned 
in the First Schedule to this Order and of potatoes is hereby prohibited 
unless each consignment is accompanied by two copies of a certificate of a 
duly authorised Official of the Phytopathologieal Service of the country in 
which the plants or potatoes were grown in the form prescribed in the Second 
Schedule to this Order. The inspection referred to in the certificate shall 
be carried out not more than fourteen days prior to the date of shipment 
The original of the certificate shall be forwarded by post by the exporter to 
the Horticulture Branch of the Ministry of Agriculture and Fisheries 10 
Whitehall Place, London, S. W. 1, before the plants or potatoes are’ dis- 
patched. Except in the case of consignments imported through the post 
a copy of the prescribed certificate shall be delivered to the proper Officer of 
Customs and Excise at the same time as and together with the entry relat- 
ing to the consignment. In the case of consignments imported through the 
post, a copy of the prescribed certificate shall be affixed to each package. 

(2) In the case of any of the plants mentioned in the First Schedule to 

this Order and grown in the United States of America the certificate required 
by paragraph (1) of this Article shall be the certificate of an Official dulv 
authorised by the United States Department of Agriculture. ^ 

(3) The certificate prescribed in this Article shall, except in the case of 
a consignment consisting wholly of potatoes, include a statement to the 
effect that the consignment does not contain any plant of sugar beet or 
mangold or any chrysanthemum plant, or any plant of the genus Ulmus or 
of the undermentioned genera of the order Pinaceae, viz., Abies, Larix Picea 
Pinus, Pseudotsuga, Sequoia, Thuja, and Tsuga, except the seeds thereof. 

XU- mentioned in the First Schedule to 

this Order and grown in European France the certificate required by oara- 
graph (1) of this ikticle shaU include a certificate of an Officer of the French 
Services dTnspection Phytopathologique which shaU be in the Form A or 
the Form B set out in the Third Schedule to this Order. 

XU- the case of any of the plants mentioned in the First Schedule to 

1 of potatoes grown m Belgium, Germany, Luxemburg, the 

Netherlands, or Smtzerland the certificate required by paragraph (1) of this 
^ticle shaU mclude a certificate of a duly authorised Official of the Belgian 
German, Luxemburg, Dutch or Swiss Phytopathologieal Service, as the 
case may be wMch shaU be, where the certificate relates to a plant, in the 
Form A or the Form B set out in the Third Schedule to this Order (as the 
tS'S SrS A^^ require), and where the certificate relates to potatoes, in 

■P ^ importation of elm trees and 

comfers (Prohibition) Order of 1933 («) to the certificates prescribed in Arti- 

cle 4 of the Importation o f Plants Order of 1933, shaU be read and have 
(a) S. R. & O. 1933 (No. 1011), p. 748 ■ 
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effect as a reference to the certificate prescribed in paragraph (1) of this 
Article. 

(7) Paragraphs (4) and (5) of this Article shall not apply to flower bnlbSj 
corms, tubers or rhizomes. 

(8) Kothing contained in this Article shall be deemed to permit— 

(i) the landing or transhipment in England or Wales of any potatoes 
of which the landing or transhipment is prohibited or restricted 
under Article 3 hereof ; 

(ii) the landing in England or Wales of any plant of sugar beet or 
mangold of the species Beta vulgaris Linn, or of any chrysan- 
themum plant of which the landing is prohibited or restricted 
under Article 4 hereof. 

Restrictions on the landing in England or Wales of raw vegetables 

6. (1) The landing in England or Wales between the twenty-first day of 
April and the thirtieth day of September in any year of any raw vegetables 
grown in European France or Switzerland is hereby prohibited unless each 
consignment is accompanied by a certificate of an Officer of the French Ser- 
vices dTnspection Phytopathologique or of as duly authorised official of the 
Swiss Phytopathological Service (as the case may he) in the Form A or the 
Form B set out in the Third Schedule to this Order. Provided that this 
restriction shall not apply before the twenty-second day of May in any year 
to any consignment accompanied by a certificate of a duly authorised Official 
of the French Services dTnspection Phytopathologique in the form set out 
m the Fourth Schedule to this Order. 

(2) The landing in England or Wales between the first day of June and 
the thirtieth day of September in any year of any raw vegetables grown in 
Belgium, Germany, Luxemburg, or the Netherlands is hereby prohibited 
unless each consignment is accompanied by a certificate of a duly authorised 
Official of the Belgian, German, Luxemburg or Dutch Phytopathological 
Service (as the case may be) in the Form A or the Form B set out in the Third 
Schedule to this Order. 

(3) The landing in England or Wales between the twenty-first day of 
April and the thirtieth day of September in any year of any raw vegetables 
grown in any country other than Belgium, European France, Germany, 
Luxemburg, the Netherlands or Switzerland is hereby prohibited unless each 
consignment is 'accompanied by a certificate of origin vise by a competent 
authority in the country of origin stating the country and place where the 
raw vegetables wore grown. 

(4) The certificates prescribed in this Article shall be delivered to the 
proper Officer of Customs and Excise at the same time as and together with 
the entry relating to the consignment, 

i 

i 
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(6) Nothing contained in this Article shall be deemed to permit the laerl. 
mg or transhipment m England or Wales of any potatoes of which the landing 
or transhipment is prohibited or restricted under Article 3 hereof. ° 

Mestrictions on the landing in England or Wales of certain raw apples 

f landing m England or Wales between the twenty -first dav 

of April and the thirtieth day of September in any year of any cider annlel 
grown m European France or Switzerland is hereby prohibited unless eset 
consignment is accompanied by a certificate of an Officer of the French 
Services d Inspection Phytopathologique or of a duly authorised Official of 

fh® TV Phytopathological Service in the Form A or the Form B set out in 
the Third Schedule to this order. ^ 

The landmg m England or Wales between the twenty-first day of 
April and the thirtieth day of September in any year of any cider annles 
m Belgium, Oermany, Luxemburg or the Netherhnde I Smby "S* 
hibited unless in the ease of a consignment landed between the twenty- 
^t day of April and the thirty-first day of May in any year each consigL 
ment is accompanied by a certificate of origin yise by a competent authority 
m the country of origin statmg the country and place where the cider apples 

were grown; and m the case of a consignment landed between the &st 

ay of June and the thirtieth day of September in any year each consign- 
ment IS accompanied by a certificate of a duly authorised Official of the 
Belgian, German, Luxemburg or Dutch Phytopathological Seryice (as the 

(3) The landing in England or Wales between the twenty -first dav of 
April and the ttetieth day of September in any year of any cider apples 
grown m any European country other than Belgium, France Geiiiv 
Luxemburg, the Netherlands or Switzerland, is hereby prohibited unless 
each consipment is accompanied by a certificate of origin vise by a com- 

^ l^^iDg in England or Wales between the seventh day of July 

the Umted States of America is hereby prohibited unless each conlgnment 
StateTDp^n^t^ a certificate of a duly authorised Inspector of the United 
tolhi OrdS" Agriculture in the form set out ffi the Fifth Schedule 

™ Article shall be delivered to the 
theLtry rdltffigt IrcoTsi^^^ together with 

cedure where plants, ^ potatoes, raw apples or raw vegetables are landed 
m contravention of this Order 

EndLd^or^m\^S*tr,^°*^^°®®’ vegetables are landed in 

England or Wales in contravention of this Order, they shaU forthwith be 
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destroyed or re-exported at the expense of the importer, unless they are 
otherwise disposed of in accordance with the terms of a hcence issued by 
the Minister or by an Inspector. 

(2) Such licence may provide for the examination of any such plants, 
potatoes, raw apples or raw vegetables, and after examination thereof, the 
Inspector shall give a certificate stating whether the plants, potatoes, raw 
apples or raw vegetables or any of them are unhealthy or not. Such plants, 
potatoes, raw apples or raw vegetables as are so certified to be unhealthy 
shaU be dealt with in accordance with Article 10 hereof as the Minister or the 
Inspector may direct. 

(3) The importer shall pay for the said certificate such fee as the Minister 
may determine not exceeding five pounds. 

Powers of Inspector in respect of consignments of plants, potatoes, raw apples 

or raw vegetables 

9. An Inspector, upon production if so required of his appointment or 
authority, may enter any premises and examine and take samples of any 
consignment or part of a consignment of plants, potatoes, raw apples or raw 
vegetables landed or suspected of having been landed in England or Wales, 
whether such consignment was accompanied by such certificates as are re- 
quired by this Order or not. For the purpose of any examination imder 
this Article, an Inspector may open, or require the importer to open, any 
package in the consignment. 

Procedure in the case of unhealthy consignments of plants, potatoes, raw apples 

or raw vegetables 

10. <1) If it appears to an Inspector at any time that any plants, pota- 
toes, raw apples, or raw vegetables in any consignment or part of a consign- 
ment landed m England or Wales, are unhealthy, he may serve upon the 
importer a notice stating that such plants, potatoes, raw apples or raw vege- 
tables have been found by him to be unhealthy, and requiring the importer, 
within such time as may be specified in the notice, to carry out such measures 
of disinfection or treatment as may be specified in the notice, or to destroy 
or re-export the whole or any part of the consingment. 

(2) Any measure of disinfection or treatment required by a notice under 
this Article, shaU be carried out by the importer upon whom the notice is 
served, under the supervision of an Inspector at a suitable place designated 
by the Inspector, and no part of the consignment shaU be moved from the 
place designated without the written authority of the Minister or the Ins- 
pector. 

(3) Charges for or in connection with the removal, storage, disinfection, 
treatment, destruction or re-exportation, required by any such notice, shaU 

be paid by the importer on whom the notice is served. 

(4) In this Article ‘ consignment ’ includes packing materials, cases and 
containers, 
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Licences 

11. Notwithstanding any provisions of this Order, any plants, potatoes, 
raw apples, or raw vegetables may be landed in England or Wales under 
and in accordance with the conditions of a licence issued by the Minister or 
by an Inspector, 

Service of notices ^ etc^ 

12. Eor the purpose of this Order, a notice shah, be deemed to be served 
on any person if it is delivered to him personally or left for him at his last 
known place of abode or business or sent through the post in a letter addressed 
to him there ; and a notice purporting to be signed by an Inspector shah, be 
prima facie evidence that it was signed by him. 

Information to he given as to plants^ potatoes, raw apples or raw vegetables landed 

in England or Wales 

13. Every person who has or has had in his possession or under his 
charge any plants, potatoes, raw apples or raw vegetables landed in England 
or Wales, and every person who as auctioneer, salesman or otherwise, has 
sold or offered for sale any such plants, potatoes, raw apples or raw vege- 
tables shall, if so required in writing by the Minister or an Inspector, give 
to the Minister or Inspector all such information as he possesses as to the 
persons who have or have had in their possession or under their charge such 
plants, potatoes, raw apples, or raw vegetables provided that any informa- 
tion given under this Article shall not be available as evidence against the 
person giving same in any prosecution under this Order, except in respect 
of an alleged failure to comply with this Article. 

Offences 

14. Every person shall be liable on conviction to a penalty not exceed- 
ing ten pounds, or in respect of a second or subsequent offence to a penalty 
not exceeding fifty pounds who wilfully obstructs or impedes an’:Inspector in 
the exercise of his powers under this Order or who does any act in contra- 
vention of this Order or of the terms or conditions of any notice or licence 
served or issued thereunder, or fails to do any act which he is required to 
do by this Order or any such notice or licence. 

This Article does not apply to the landing or attempted landing of any- 
thing in contravention of this Order, the penalty for which is provided by 
Section 1 of the Destructive Insects Act, 1877, as amended by the Destruc- 
tive Insects and Pests Acts, 1907 and 1927, 

Revocation of Orders 

15. The Orders specified in the Sixth Schedule to this Order are hereby 
revoked. 

Provided that the revocation shall not - 

(i) affect the previous operation of such Orders or anything duly done 
lor suffered under such Orders ; or 
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{ii) affect any right, privilege, obligation or liability acquired, accrued 
or incurred under such Orders ; or 

(Ui) affect any penalty incurred in respect of any offence committed 
against such Orders ; or 

(iv) affect any investigation, legal proceeding or remedy in respect of 
any such right, privilege, obligation, liabUity, or penalty as 
aforesaid; and any such investigation, legal proceeding or 
remedy may be instituted, continued or enforced, and any 
such penalty may be imposed as if this Order had not been 
made. 

Commencement 

16, T his Order shall come into operation on the first day of June nine- 
teen hundred and thirty-nine. 

Short tiUe 

17. This Order may be cited as the Importation of Plants Order of 


1939. 


In witness whereof the Official Seal of the Minister of Agriculture and 
Fisheries is hereunto affixed this sixteenth day of May nineteen 
hundred and thirty -nine. 


(L. S.) 


DONALD FERGUSSON, 

Secretary. 


FIRST SCHEDULE 

All living plants and parts thereof (except seeds) for planting. 


SECOND SCHEDULE 

f the hving plants 

This is to certify that (Strike out [ 
words not applicable). ^ a representative sample of the 

(^living plants 

included in the consignment of which particulars are given below, were/was 

thoroughly examined on the (date) by 

(name) 

a duly authorised Official ot the. 

and found to be healthy, 

no evidence of the presence of any insect, fungus or pest destructive to agri- 
cultural or horticultural crops having been foimd in them. 


t 
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This oMitioml statement must be given for all consignments except those con, 

sisting wholly of potatoes 

It is farther certified that the consignment does not contain any plant 
of the genus Ulmus, or of the genera of the Order Pinaceae, viz., Abies, Larix, 
Picea, Was, Pseudotsuga, Sequoia, Thuja, and Tsuga, or any plant of sugar 
beet or mangold [Beta vulgaris Linn.) or any chrysanthemum plant. 

This additional certificate must be given for all potatoes : — 

It is further certified that no case of the disease known as ‘ wart disease ’ 
or ‘ black scab ’ of potatoes {Synchytrium endobioticum) has occmxed at any 
time on the farm or holding where the potatoes included in the consignment 
were grown, nor within two kilometers thereof. 

(Signed) 

(Official Status) 

(Date) 

No. and description of packages 

Distinguishing marks 

Description of living plants or parts thereof. 

Stated to be grown at 

Exported by 

Name and address of consignee 


Name^of vessel 

Date of shipment 

Port of landing in England or Wales 


THIRD SCHEDULE 
Eobm a 

This is to certify that during the 12 months preceding the date of this 

certificate there has been' no outbreak of the Colorado Beetle in 

(here insert name of country — 

either,' Belgium, France, Germany, Luxemburg, the Netherlands or Switzer- 
land) *within a distance of 50 kilometres from the place where the living 
plants, potatoes, raw vegetables or cider apples (strike out words not appli- i 

cable) ’included in the package or consignment described below were grown. 

(Signed) I 

(Official Status) 

(Date of issue of certificate) 

No. and description of packages 

Distinguishing marks ; 

Description of produce.. • • • • ■ i 
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Stated to be grown at 

Exported by 

Name and address of consignee 


Name of vessel 

Date of shipment — 

Port of landing in England or Wales 

Fokm B 

In accordance with the authorisation contained in the General Licence 

No of the Ministry of Agriculture and Fisheries of England 

and Wales, this is to certify that the plants included in the package or con- 
signment described below have been examined and have been found to be 
of the following species or kind 


and that the conditions prescribed in the above General Licence have been 
complied with. 

(Signed) 

(Official Status) 

(Date) 

No. and description of packages 

Distinguishing marks — 

Description of produce 


Stated to be grown at 

Exported by 

Name and address of consignee 


Name of vessel 

Date of shipment 

Port of landing in England or Wales 


FOURTH SCHEDULE 

This is to certify that the raw vegetables included m the package or 
consignment described below were grown in the Department of Nord or in 
the Department of Pas-de-Oalais. 

(Signed). • ■ ♦ 

(Official Status). • ......... 

(Date of issue of certificate) 

No. and description of packages, 
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Description of produce, 


Stated to be grown at 

Exported by 

Name and address of consignee 


Name of vessel 

Date of shipment 

Port of landing in England or Wales 


FIFTH SCHEDULE 


This is to certify that the raw apples included in the package or con- 
signment described below are of one of the following grades as recognised bj 
the Department of Agriculture of the United States of America — 

'U.S. Fancy* 

‘ U. S. (No. 1) * 

^ Extra Fancy * 

' Fancy ’ 

(Signature) • 

(Official Status) 

(Date) 


Description of consignment 


Number and nature of packages, 

Distinguishing marks 

Variety of apples 

Name and address of consignee. 


Name of vessel. . 
Date of shipment 
Port of shipment. 


L 


NOTES 

SIXTH SCHEDULE 

The Importation of Plants Order of 1933.<*^ ^ 

The Importation of Plants (Amendment) Order of 1934. ^ 

The Importation of Plants (Amendment) Order of 1935. 

The Importation of Plants (Amendment) Order of 1936. 

The Importation of Plants (Amendment No. 2) Order of 1936. 

The Importation of Plants (Amendment) Order of 1937. 

The Importation of Plants (Amendment) Order of 1938. W 

0. D. DESHMUKH, 

Joint Secretary to the Government of India. 



iSuOATION, HEALTH AND LANDS 

■ nnblished with this Department notification 

So. f t>e im has teen issued hy the Depart- 

ment of Agriculture for Scotland. 

C. D. DESrorUKH, 

Joint Secretary. 

tiSSSION OF COSFIRENOE. 

the THIBD session on 1940 

third 

S'Se he opa^.'>y. .'rraup- 

reS:^^e«“ad°?or‘t<SS?-Ph«>»‘ aeasiou hr Mysore pos.hi. 
on the 6th and 7th January. will be carried on m active co- 

^ the San SciSce W^B.J^ 

SsSve been marte i^t PiAU. Health. 



iS’/p’! 468. 

. . - - - ■ - - - 
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The Hon’ble Mr. V. V. Giri, Minister for Labour and Industries Govern 
ment of Madras, has kindly agreed to preside over a special discussion on' 
Labour Statistics “ 

The Government of India, different Provincial Governments, manv of 
tli6 iniporta^iit Indiarii States and Universities in India liave given their official 
recognition to the Conference and are expected in many cases to send official 
delegates. 

The subscription for ordinary members of the Conference is Rs. 5 and for 
Associate and Student members Rs. 3 and Re. 1 respectively. Members of 
the Indian Statistical Institute wUl be entitled to become Ordinary members 
of the Conference without payment of any additional subscription. Ordi- 
nary members of the Conference will have the right to contribute papers 
to attend aU scientific and other meetings of the Conference and to receive' 
free of charge, aU publications relating to the conference. ’ 

Papers and scientific contributions should be sent so as to reach the 
Honorary Secretary, Indian Statistical Institute, Statistical Laboratorv 
Calcutta, before the 15th December 1939. 

Enquiries in regard to local arrangements and accommodation should 
be addressed to the Local Secretaries, Prof. P. J. Thomas, Universitv of 
Madras, or Prof. K. B. Madhava, University of Mysore. 


ALGAL-FLORA OF PADDY FIELD SOILS OP THE UNITED 

PROVINCES, I 

While commeiffiing on my note ‘ On Algae Found in SoU Samples from 
^ AUuyial Paddy Field of Faridpur, Bengal’ pubhshedin Science and Cul- 
ture, Vol. I, No. 5, p. 298, Mr. R. N. Singh has made some observations in 
his article An Investigation into the Algal-fiora of Paddy Field Soils of the 
Umted Provinces, I ’ pubhshed in this Journal, Vol. IX, Part I, February 
^ criticisms, I might state that the obiect 

ot the myestigation was not to bring out those algae alone which can resist 
? desiccation, but to identify all the algal types actually contained 

m the two samples, collected from the surface of a paddy field of Faridpur 
as desired by the Imperial Counefi of Agricultural Research. Moreover' 
the material available did not offer the opportunities for studying the soil 
algae from various depths with regard to their economy in soil, etc. 

The role of algae in fixing nitrogen in soil was not also the subieot matter 
+ 1 ; “vestigations No special effort was, therefore, made to eliminate 
tne bacteria, although as pure cultures as possible were made. 

Al^ough diatoms occur universally, none of them was found in any of 
my cffitOTes No other member of the green algae, except Plsurococcus 
NaegeUt Chodat, made its appearance in the culture media used. The name 
tor this species was given as it could be ascertained from available references 
at the time of sendmg out the note for publication. (J. 0. Banerji) . 
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The Soils of Central Africa, in particular of the Belgian Congo^ fol. I. 

The Lower Congo. By Professor J. Babyens. Published by The 
National Institute for Agronomical Studies of Belgian 
Congo, Brussels. Price Fr. 150. 1938 

In Ms preface to the book Sir John Russell refers to the rapid progress 
that has been made in agronomy as a result of the recognition of pedology 
as an independent branch of science and also congratulates Professor 
Baeyens on his successful researches. The book is comprehensive and the 
reviewer has no hesitation in stating that it is a valuable contribution to 
pedological studies. The object and scope of the iiivestigations undertaken 
by the author wiU be evident from the following quotation : — 

The pedological study of the soils in the Belgian Congo may be con- 
sidered either from a scientifical or a practical point of view. The first 
must logically take precedence over the second. In order to obtain in a 
short time the practical results requested by State or private undertakings 
both studies were performed simultaneously. The first part of the book 
gives a general outlook on the pedological properties of the soils in the Lower 
Congo. The second part deals with their agricultural properties not directly 
on the matter of manure requirements but of theii* original value with their 
subsequent classification based on a general scale, including : very fertile, 
fertile, wanting, or bad soils. This is regarding the most important crop 
plants actually grown in the Lower Congo 

In order to organize a soil survey service according to modern pedo- 
logical methods, research work was started in Central Africa in 1934-35. 
The results are discussed in the book under the following sections : — 

The factors dealing with the fertility of the soil in the howtv Congo; 
the importance of a study of profiles— -the technique used in study 
and description of some typical profiles ; the mechanical properties and the 
structure of the soils ; the water relationship — static and dynamic ; chemical 
and colloidal properties ; the organic matter and biological activity ; the 
climate and the pedological climate. These are followed by a section deal- 
ing with the classification and cartography of the soils. The next chapter 
deals with the genesis of the soils. 

The above chapters form Part I of the hook. 

In the second part the principles on which a scale of pedological ferti- 
lity can be based are dealt wfith. This is followed by discussion on the suit- 
ability of soils for the principal crops of the country, viz. cocoa, coffee, etc. 
These are followed by other sections dealing with the relative agricultural 
values based on pedological characteristics of the soils of the country. 

The book contains 11 maps, 47 tables and a number of very interesting 
figures showing the topography, vegetation, typical profiles, etc. [J. N. M.]. 

( .883 ) 




BECENT PUBLICATIONS OF THE IMPERIAL 
AGRICULTURAL BUREAUX 


Aantial Reports of the Executive Council of the Imperial Agricultural Bureaux 
List of Agricultural Research ¥/orkera in the British Empire, 1937^ 


ObTAIHABXiB raOM THE SbCBBTABY, EXECUTIVE COXJNOIL, ImPBBIAL AoEIOTOTOTAL 

'Bubbaux, 2, Queen Anne’s Gate Buildings, London, S* W. i, and tBOM 
H. M. Stationery Office, London, W. C. 2 


The Journal of Dairy Research 


Published by the Cambridge University Press on behalf of the Committee of Manage- 
ment. First issued in November, 1929, 


Volumes I to IV (each two parts) 
Single parts 

Volumes V to IX (each three parts) 
Single parts 



d. 

26 

0 

16 

0 

26 

0 

10 

0 


I. Oht«inable from the Imperial Bareau of Soil Science, Eothamsted Experimental 

Station, Harpenden, Herts 


Soils and Fertilisers 


Ordinary edition 

Special edition (printed one side only) 
Both editions . 

Single copies, ordinary edition only 
{VoL H current). 


Teehnieat Oommunications-- 


1939. Pp. 54 . . . . • • 

MiseeUaneom puUieations — ^ x ^ 

' Catalogue of Journals and Periodicals in the Library of Eothamsted 

Experimental Station . • • 

• 1038 Edition in prepatfttiott 

( i ) 


British 

Common- 

wealth 

Foreign 

a. d. 

s, d* 

20 0 

26 0 

26 0 

30 0 

40 0 

60 0 

6 0 

6 0 

Garrett, 

2 ' i 


2 0 


1 
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Special Publication — 

Tli 0 Katamorpliism of Igneous Rocks under Humid Tropical Conditions 
by tlie late Sir J. B. Harrison ....... 

Bibliography of Soil Science, Fertilizers and General Agronomy, 1934-37 


II. Obtainable from the Imperial Bureau of Animal Health* Veterinary Research 
. Laboratory, lew Haw, Weybridge, Surrey 

Abstracting Journal 


The Veterinary Bulletin — s 

1931. VoL I, Quarterly (1st Ntimber, April) • • • * . 7 

Annual subscription . . . . . . « . . 20 

Subsequent Volumes. Monthly (1st Number, January) . . . 5 

Annual subscription (postage paid) — 

(Back numbers still available) . . . . . . ♦ 40 

Indexing Publication 

Index Veter inarius. First issue April, 1933. Annual subscription (postage 

paid) . V olumes I to III mimeographed, V olume IV onwards printed 100 

(Vols. I—V issued quarterly. Vol. VI onward issued half yearly) 
‘(Back numbers Still available). 

Occasional Papers 

Remew series — 

No. 1. Bovine Mastitis by B. M. Peterson . . • • .10 


IIL Obtainable from the Imperial Bureau of Animal Nutrition, Rowett Research 
Institute, Bucksburns, Aberdeen 


Journal 

Nutrition Abstracts and Reviews. (Issued under the direction of the 
Imperial Agricultural Bureaux Council, the Medical Research Council 
and the Reid Library) 

Subscription per Volume of 4 numbers . . r . 

Per single number . 

Occasional Papers 

Technical Communications — 

10. Table of Composition of Foods giving Energy Value, Protein, Fat, 
Carbohydrate, Calcium, Phosphorus and Iron Content of Some 300 
Foods Commonly used in Great Britain and Compiled for Use in the 
Analysis of Dietary Surveys . . 

Occasional Communications — 

2* Etiology of Endemic Goitre 


PUBLICATIONS OF THE IMPERIAL AGRICULTURAL BUREAUX 


iii 


I 


I?. Obtainable from the Imferial Bureau o! Plant Breeding ani Oenelics {for Crons 
other than Herbage), Plant Breeding Institute, School of Agrienllare, CamMifi 

Journal 

Plant Breeding Abstracts — 

dm 

Quarterly. Annual Subscription . ... . , . . *^25 C 

Single copy . , . * 7 i 

Numbers printed on one side of paper 30 0 

Occasional Papers 

Indexes to Plant Breeding Abstracts — 

Subject Index to Vols. I to V of Plant Breeding Abstracts . . * 5 0 

Subject Index to Vols. VI- VIII of Plant Breeding Abstracts * » 2 6 

Supplements to Plant Breeding Abstracts — 

Summary of Reports received from Countries exclusive of the British 

Empire, 1928-31. Supplement I . . . . . .26 

Summary of Reports received from Stations in the British Empire, 

1932-35. Supplement II 2 6 

Technical Communications — 

Vernalization and Phasic Development of Plants (Joint Publication 

with the Imperial Bureau of Pastures and Forage Crops) . * 10 0 

Bibliographical Monographs — 

Bibliography of Baking Quality Tests (Supplement) . . • * 1 0 

The action and use of colchicine in the production of polyploid plants 

by J. L. Fyfe . . . • • . . . * • 10 


V. Obtainable from the Imperial Bureau of Pastures and Forage Crops, Welsh Plant 
Breeding Station, Agricultural Buildings, Alexandra Eoad, Aberystwyth, Wales 

Journal 

Herbage Abstracts — 

VoL 8, 1938 ; Vol. 9, 1939, each . • . * * * , ^25 0 

Herbage Reviews— 

Vol. 7, 1939 . • • tl5 0 

Occasional Papers 

Bulletin — 

Erosion and Soil Conservation J . . . . 

Mineographed Publication No. 6, 1939 . • * * 

* 20«. to sutscriters ia the Britisli commonwealth, 
t A redaction of 5 «. will he given when Herbage Abstracts is also ordered. 

I Joint publication of Bureaux of Soil Science and Pastures and Forage Crops 
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VI. Obtainable from the Imperial Bureau of Horticulture and Plantation Crops, East 
Mailing Research Station, East Mailing, Kent 

Journal ^ ^ 

Horticultural Abstracts. A quarterly abstract publication of current 

nortioultural literature. 

Vol. I. First issued, March, 1931. No. 2, single copy , . , j g 

Vol. II. Nos. 1, 2 and 3 out of print. No. 4, single copy , , 16 

Vols. HI to Vn, each (single copy 4«.) . . . . ^ 16 0 

Vol. Vm and subsequent volumes. Annual subscription , , . *25 0 

Singlecopy ... ..... 6 g 


TechnuM Communications 

il. :i^it Juices and related Products. V. L. S. Charley and T. H. J. 

Occasional Papers 

6. Frameworking of Fruit Trees. R. J. Garner and W. F. Walker . j 0 
Proceedings of First Imperial Horticidtural Conference, 1930— 

Part 11. Papers on the application of Science to Horticulture. 1931. 

2 s. Out ofprint, but the following separates are available,' each ’ o 3 

"" Af™. 

Frmt Products and Associated Problems (Professor B. T. P. Barker). 

Some Physiological Considerations in Horticulture (Professor V. H. Blaclcman). 
Plant Pl^siologioal Work in the Tropics: Some of the Problems with Sr»An!nl 

SSkeUr ® Ma“^’ 

A. J.®pSS;?r"^ ^ P^^duction in Irrigated Areas (Professor 





01 print, but the following separates are available, each . , . o 3 

Factors Influencing the Storage Qualities of Fruit (Dr. T Wallace) 

(W. M. 0»„, H, A. 

WniSk^D?" .“r ®“*“ “ Storaga md Trmsport (Dr. 0. W. 

Problems of Storage and Transport (E. A. Griffiths). 

Fruit IVansport Problems in Canada (R. L. Wheeler). 

Relation to the Problem 

^^Experiments on the Preservation of Citrus Fruits (Dr. W. J. Young and F. M. 

• 80,. » volume or 6 ,. a number to enbaortbemln the Btitieh Commonwealth. 




JPUBIilOATiONS OF THE IMPEBIAL AGBICULTUBAL BOBEAtlX t 

Other Puhlicaiima — 

Index to Volumes I — of the J jurnal of Pomology and HorticuUmml Bcimm, 1§SS. 
Compiled by Bureau, published by the Editors of the Journal of Pomology and Boriioul- 
tural 8ciemet> 

d. 

Available from the Bureau 5 0 

Fruit growing in the Empire, standardisation of horticultural material with special 
reference to root stock, 1927. K. G. Hatton, being unmiimbered Empire 
Marketing Board Publication (Free), 

VII. Obtainable from the Imperial Bureau of Animal Breeding and Oenetlee, Ingiluta 
of Animal Genetics, University of Edinburgh, Kings’ Buildings, W^t Mains Eoad, 
Edinburgh 

Journal s, d* 

Animal Breeding Abstract (quarterly) from Vol. 6 (1938) — 

Annual subscription . . 2I» 0 

Subscribers in the British Commonwealth . • , • . . 20 0 

Earlier Vols, from 1933, Vols. I — V. Annual subscription , . . 15 0 

Occasional Papers 

Animal Breeding in the British Empire, A Survey of Research and 

Experiment, 1934 , . . . . - • • • ^ ^ 

Also obtainable from the Bureau : 

The Genetics of the Horse, 1930. Reprinted from ‘ Bibliographia 
Genetica 

Inheritance of Productivity in Farm Stock, 1935, Reprinted from 

* Empire Journal of Experimental Agriculture’ « » * . 0 0 

The Genetics of the Pig, 1936. Reprinted from ‘ Bibliographia Genetica ’ 2 6 


Vm. Obtainable from the Imperial Bureau of Agricultural Parasitology (Helmiatho* 
logy). Institute of Agricultural Parasitologoy, Winches farm Drive, Haield Eoai, 
Si Albans, Herts 

Journal 

Bibliography of Helminthology, For the years 1930, 1931, 1932, 1933— ^ ^ 

Library Edition, bound in cloth per volume . . » . • 10 6 

1 Si G 

Stijff paper cover only, per volume . . • • • • • ® ^ 

Helminthological Abstracts (1932 onwards). Issued in five or six parts 
per volume, each volume covering the literature published in a single 

year. Subscription per volume (payable in advance) . . , 30 0 

Complete volumes bound in cloth . * • • * • *32 0 

[NOTB — Fiom Vol. in <1034) this joainal incorporates the BibHography of Edmintholom 
piihllshed by the Bnrean instead ol by the Journal of Eelminmologu*\ 

Other Publications 

ij) Helminth parasites of Hew Zealand, By May R- Young, 19 pp. 4 O 

Notes and Memorandor-^ 


m'r 


"2 ''Nil/ 
j ^ v'S 
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PttbllcatioBs issued by tbie Imperial Institute of Entomology, 41,-^ Queen’s Gate, 

London, S. W. 7 

Balletin of Entomological Research — 

Published quarterly, and containing original articles on Economic Ento- 
mology. Issued post free. 

Annual Subscription (payable in advance) ..... , 30 0 

Subscription to current volume received after 30th June « . « 36 0 

Separate parts . , ® 9 0 

Bound Volumes (extra to above prices) . , . . . . 6 0' 

Binding cases only . . . . , . . . . . 3 6 

Reprints of some of the papers published in this Journal are available. Prices on 
application. 

Review of Applied Entomology — 

Consisting of abstracts or reviews of all current literature on Economic Entomo- 
logy throughout the world. Published monthly in two series : — 

Series ‘ A ’ dealing with insect and other Arthropod pests of cultivated plants, 
forest trees and stored products of animal and vegetable origin. 

Series ‘ B ’ dealing with insects, ticks, etc., conveying disease or otherwise 
injurious to man and animals. Issued post free. 

Series ‘ A ’ Series ‘ B * 

S» da Sm da 

Annual Subscription (payable in advance) . . . . 30 0 15 0 

Subscription to current volume received after 30th June , 36 0 18 0 

Separate parts . . . . . . . . 30 16 

Annual Subject Index (when sold separately) . , , 6 0 3 0 

Subject Index — ^Vols. I — ^III . . . . . . 5 01 ^XIO 0 

Bound Volumes (extra to above prices) . . , . 6 0 6 0 

Binding cases only . . . . . . . . 3 6 3 6 

The index to the current volume is not published until April (Series ‘ B ’) or August 
(Series ‘ A ’) of the following year. 

Zoological Record — Part Insecta — 

Published annually about July in each year and containing as complete a record 

as possible of the literature of the previous year, chiefly from the systematic standpoint. 


Annual Subscription (including postage) . ^ ^ 16 6 

The Biological Control of an Insect in Fiji — 

By T. H. 0. Taylor, M.Sc. (Lond.). An account of the Coconut Leaf-mining Beetle 
and its Parasite Complex. Royal 8 vo. pp. X and 239 with 23 plates, 2 maps and 
17 text-figures. Bound in cloth. Price 12a. Postage, inland, 6d. ; abroad, lOd. 1937. 

Report of the Fourth Imperial Entomological Conference, 19th~27th September^ 
1935. ■ 

Boyal 8 VO. 70 pp. Paper covers. Price, 4s, 1935. 


t^iJBLIOATiONS OF THE IMPEETAL AGEICULTUEAL BOBEAtJl 


Vil 


Orders may be sent direct to the Assistant Director, Imperial Institute of Entomo- 
logy, 41, Queen’s Gate, London, S. W. 7, or through a bookseller. 


PnhlieatioES Obtainable from the Imperial Mycologieal Imtitate, Eew, SiHef 

Journal 

Beview of Applied Mycology — 

d* 

Annual Subscription, 12 monthly parts, with title-page and index (post 

free) ^ 

Single part ,,...30 

Title-page and index ^ ^ 

Back volumes (with the exception of Vols. I, VII and VIII, which are out of print) 
can be supplied, postage extra. 

Occasional Publications 

Annotated Account of Fungi Received at the Imperial Mycologieal Institute. 

d. 


List I 

List II, Ease. 1 . ... . • • 

List II, Fasc. 

List II, Fasc. 3. General Part . . . . • 

Report on the Third Imperial Mycologieal Conference, 1934 
Mycologists resident in the British Empire, 1938 . . 

* 24«, to subscribers in the British Commonwealth, who send their subscription direct to the Institute. 


1 0 
1 0 
2 0 
1 0 
2 0 
1 0 




PUBLICATIONS OF THE IMPERIAL COUNCIL 
OF AGRICULTURAL RESEARCH, INDIA 



[Prices are inclusive of packing and Indian Postage] 


1, Agriculture and ii¥e«stoek in India (to be replaced by Indian Farming » monthly 

from January 1940) 

2 . The Indian Journal of Agricnltnral Science 

ICAR, 6. A bi-monthly scientific journal of agriculture and the allied sciences# mainly 

devoted to the publication of the results of origina! research and field 
experiments. (Established 1931. Published in February# April# June# 
August, October and December. Prepayable subscription Rs, 15 or 
24». per annum. Price per part Rs. 3 or Bs. 3d,). Volume I to ¥III 
complete are available. 


8. The Indian Journal of Veterinary Science and Animal Husbandry 

ICAR. 6, A quctrterly journal for the publication of scientific matter relating to the 

health, nutrition and breeding of live-stock. (Established 1931. Pub- 
lished in March, June, September and December. Prepayable subscrip- 
tion Bs. 6 or 9s, 9d. Price per part Rs. 2 or 3«. 6d.). Volumes I to 
VIII complete are available. 


ICAR. 

ICAR. 

ICAR. 

ICAR. 


4. Scientific Monographs of the Imperial Council of Agrieuiturai Research 
10*1 


No. 1, The Fungi of India. By E. J. Butler, C.I.E., D.Sc., M.B., F.E.S. 
and G. R. Bisby, Ph.D. (1931). Price Rs. 6-12-0 or ils. 

10-2 No. 2. Life-histories of Indian Mierolepidoptera, Second Benmz Alucitid® 
(Peterophoridse, Tortricina and Gelecifiad®). By T. Bainbrigge Fletcher, 
R.N., F.L.S., F.E.S., F.Z.S. {1932). Price Rs. 3-4-0 or 5#. 

10*3 No. 3. The Open Pan System of White-Sugar Manufacture. By R. C. Sri- 
vastava, B.Sc. (1935, 2nd Edition.) Price Rs. 3-2-0 or 5«. Od. 

10*4 No. 4. Life-histories of Indian Mierolepidoptera ; Cosmopterygidse to Neopseus- 
tides. By T. Bainbrigge Fletcher, R.N., F.L.S., F.E.S., F,Z.S. (1933]. 
Price Rs. 4-8-0 or 7«. 6d. 

ICAR. 10 ‘5 No. 5, The Bombay Grasses. By E. J. Blatter, S.J., Ph.D., F.L.S. and 0. 

McCann, F.L.S. Dlustrated by R. K. Bhide. (1935). Price Rs. 20.12-0 
or32«.6d. 

ICAR. 10*6 No. 6. Helminth Parasites of the Domesticated Animals in India, By G-D* 
Bhalerao,M.So. (1935) Price Rs. 7-12-0 or i3«. 3d. 

ICAR. 10* 7 No. 7. Influence of Manures on the Wilt Disease of Oajmm indkm Sprang. 

and the Isolation of Types Resistant to the Disease. By W . McRae, 
M.A., D.Sc. (Edin.), F.L.S. and F. J. F. Shaw, D.So. (Lond,), AJt.C.S.» 
F.L.S. (1933). Price Rs. 2-4-0 or 4a. 3d. 

ICAR. 10* 8 No. 8. The Silk Industry of Japan with Notes on Observations in the Dnited 
States of America, England, France and Italy* By C* C. Ghorii, B.A.» 
F.E.S. (1933). Price Rs. 4 or 6«. 9d. 

( ix ) 
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ICAR. 10*9 

ICAR. 10*10 

ICAR. 10*11 

ICAR. 10*12 
ICAR. 10*13 
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No. 9. Mechanical Cultivation in India. A History of the Large-scale Experi- 
ments carried out by Burmah -Shell Oil Storage and Distributing 
Company of India, Ltd. By 0. P. G. Wade. (1935). Price Rs. 3-14-0 
or 65. 6 d. 


No. 


10. The Spotted Boll Worms of Cotton (Marias fabia Stoll and Marias 
insulana Boisd.) in South Gujarat, Bombay Presidency. (Final 
report on investigations financed by the Indian Central Cotton Com- 
mittee, 1923-1931). By B. P. Deshpande, M.Ag. and N. T. Nadkarnv 
B.Ag. (1936). Price Rs. 5-14-0 or 9a. 6d. 


No. 11. Investigations on the Course and Distribution of the Nerves supply, 
ing Levator anguli scapuli and Rhomboideus muscles and the forma- 
tion of the Phrenic Nerve in the Ox, with Observations on certain 
Anatomical Deviations. By H, N. (^elva Ayyangar. G.M.V.C. (1937^ 
Price Rs. 4-10-0 or 7s. Od. ^ ^ 


No. 12. The Fungi of India, Supplement I. By B. B. Mundkur. (1938), 
Price Re. 1-6-0 or 2^. 3d, 


No. 13. Further Observations on Anatomical Deviations in the Ox and Note 
on certain Anatomical Freaks. By H. N. (3helva Ayyangar, G.M.V.C. 
Price Rs. 2-8 or 4^f.' 


5. Miscellaneoas Bulletins of the Imperial Council of Agricultural Research 

ICAR. 8*1 No. 1. List of Publications on Indian Entomology, 1930. Compiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 14 or 1^. 6d, 


ICAR. 8*2 No. 2. List of Pubh'cations on Indian Entomology, 1931. Compiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 8 or lOd. 

ICAR, 8*3 No. 3. List of Publications on Indian Entomology, 1932. Qompiled by the 

Imperial Entomologist, Pusa. (1934). Price As. 12 or la. 3d. 

ICAR. 8*4 No. 4. Host Plant Index of Indo-Ceylonese Coccidae. By S. Ramachandran, 

L.Ag. and T. V. Ramakrishna Ayyar, B.A., Ph.D., F.Z.S. (1934). 
Price Re. 1-10-0 or 2a. 9d. 


ICAR. 8*5 No. 5. List of Publications on Indian Entomology, 1933. Compiled by the 

Officiating Imperial Entomologist, Pusa. (1935). Price As. 9 or la. 

ICAR. 8*6 No. 6. Bee-keeping. By C. C. Ghosh, B.A., P.R.E.S. (4th Edition.) (1939), 

Price Re. 1-14-0 or 3a. 3d. 


lOAR. 8-7 
ICAR. 8*8 
ICAR. 8*9 

ICAR. 8*10 
ICAR, 8*11 


ICAR. 8*12 

ICAR. 8*13 
ICAR. 8*14 


No. 7. List of Publications on Indian Entomology, 1934. Compiled by the 
Imperial Entomologist, Pusa. (1935). Price Re. 1-2-0 or 2a. 

No. 8. Selected Clinical Articles, Part I. By G. K. Sharma, G.P.V.O. and 
R. L. Kaura, B.V.Sc., M.R.C.V.S. (1936). Price As. 8 or lOd. 

No. 9. Statistical Methods and their Application to Agronomy : A Biblio- 
graphy, Compiled by K. K. Guha Roy, B.A. (1936). Price Rs. 2-2-0 
or 4a. 

No. 10. Diseases of Sugarcane and Methods for their Control. By L. S. 
Subramaniam. (1936). Price Re. 1-14-0 or 3a. 3d. 

No. 11. Tables of Standard Errors of Mendelian Ratios. Compiled by Swam 
Singh Purewal, M.Sc., Ph.D. and Krishna Rao, L.Ag. (1936). 
Price As. 12 or la. 3d. ' 

No. 12. List of Publications on the Botany of Indian Crops, Part IT, for 
the period 1928-32. Compiled by r! D. Bose, B. So. (1936). Price 
Rs. 3-6-0 or .5a. 9d. 

No. 13. Two New Statistical Tables based upon Fisher’s ^ t \ By M* Vaidya- 
, nathan, M.A. (1936), Price As. 6 or 8d. 

No. 14. List of Publications on Indian Entomology (1935). Compiled by 
the Imperial Entomologist, Pusa. (1936). Price Be. 1-4-0 or 2a. 
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ICAR. 8*15 No* 15. Selected Clinical Articles, Fart 11. By O. ,K. Sliarma* It L. Kaiira ; 

S. Oanapatliy Iyer ; O. S. Khan, and M. Y. Matizrulkar, (19371* 
Price Re. 1-4-0 or 2a, 

ICAR. 8’ 16 No. 16. Indian Grazing Conditions and the Mineral Contents of some Indtap 
Fodders. By P. E. Lander, M.A., D.Sc., FJ.C.* T.xl.S. (1937). * Price 
Rs. 3-14 or 6«. 9d. 

ICAR. 8*17 No. 17. A Brief Survey of some of the Important Breeds of Cattle in Imiia. 

By Col. Sir Arthur Giver, C.B., F.R.C.Y.S., F.NJ. (19381 

Price Rs. 2 or 3«. 6d, 

ICAR. 8*18 No. 18. Milk Records of Cattle in Approved Dairy Farms in Inclia Bv 
K. P. R, Kartha, B.A. (1938). Price Rs. 2-12-0 or 4^. 6^1. ’ ' “ 

ICAR. 8*19 No. 19. A Preliminary Annotated List of the Fruit Pests of the North- West 
Frontier Province. By Kem Singh Pruthi, M.Sc., Pii.D. ICantah.L ■ 
F.N.I. and H. N, Batra, B.Sc., Assoc. I. A. R, I. (1938). Price Re.' 1 
or la. 9d. 

ICAR. 8*20 No. 20, Report, on an Enquiry into the Cultivation of Cloves in India. By, 
A. K. Yegna Narayan Aiyer, M. A. (Madras), Dip. Agri. (Cantab.) N II. 
D. (England). (1938). Price Rs. 2-4-0 or 3s. 9d. ’ 

ICAR. 8*21 No. 21. Investigations on the Cold Storage of Mangoes. By G. S. CLeema 
■ D.Sc., I.A.S.,'D. V, Karmarkar, M.Sc., Ph.D., A.I.I.Sc. and M* 
Joshi,M.Sc. (1939). Price Rs. 3-12-0 or 6a. 

ICAR. 8*22 No. 22. Report on a Village Enquiry regarding Cattle and the Production and 
Consumption of Milk in Seven Breeding Tracts of India. (i939|. 

Price Rs. 3.-8-0 or 5a. 6d» ■ 



ICAR. 8*24 No. 24. A Brief Survey of some of the Important Breeds of Cattle in IndiSf 

Part TL Prize winn ers at the first All-India Cattle Show, (lOSOu 
Price Re. 1-6-0 or 2a. ^ 


ICAR. 8*26 No. 25. The Nutritive Values of Indian Cattle Foods and the Feeding, of 
Animals. By K. C. Sen, D.Sc. (1938). Price As. 7 or Sd. 


ICAR. 8 • 26 No. 26. The Progress of Agricultural Science in India during the Past Twents*.. 

five Years. By W, Bums, C.IJS., D.Sc. (Edin,), LA.S. (1930). Price 
Re. 1-8-0 or 2a. 3d. 


ICAR. 8*27 No. 27. Definition of Characteristics [of Seven Breeds of Cattle of All-India 
Importance. (1939). Price Re* 1-10-0 or 2s'. 6d. 

ICAR. 8*28 No. 28. Bibliography of Soil Erosion. By R. M. Gorrie, (1939). Price 
Re. 1-12-0 or 2s, 6d. 


ICAR. 8 -29 No. 29. Report on the Prospects of Cinchona Cultivation in India, by A* 

Wilson, M-A., B.Sc.,- I.,A. S* and T. d. Mirdiandaai, pLDsi 

(1939.) Price Bs. 2-6-0 or 4s. 


IdAR. 8*30 No. 30. Biological Notes on Indian Chalcido idea. By Hem Singh PriitM, 
M.Sc., Ph.D. (Cantab.), F.N.I. and M.S.Mani (In press) . 


ICAR. 8*31 No, 31. Studies in the Preservation of Fruit and Vegetables ; An Invostlga- 
tion on the Methods of Preparation and Standardization of Tomato 
Ketchup. By Lai Singh, B.&. (Hons.), M.Sc. (Calif.) and Girdhari Lai, 

Ph.D. (Lond.) D.I.C. (In pws). 


No. 32. Studies' in the Preservation of Fruit Juices, I. Some Observations on 
the Preparation and -Preservation of Citrus Fmit^ Squashes*. By ,Lai 
Singh, B.Sc. (Hohs,), MtSc., (Calif.) and Girdhari Lab Ph.D. CLo-ndJ. 
D.I;C. 


ICAR. 8*23 


No. 23. The Cold Storage of Fruits and Vegetables. By G. S. Cheema, D.Sc., 
I.A.S. and D. V. Karmarkar, M.Sc., Ph.D,, A.I.I.Sc. (1939)* Price 
As. 10 or la. 
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8. AHniial Eeport of fche Imperial Coimdl of Agricultera! Researeli 

lOAB. 12*31 Annual Beport of the Imperial Council of Agricultural Besearchfor the 
years 1929-30 and 1930-31. Price As. 12 or Is, 3d. 

ICAR. 12*32 Annual Report of the Imperial Council of Agricultural Research for the year 

1931- 32. Price As. 6 or 8d. 

ICAR. 12*33 Annual Report of the Imperial Council of Agricultural Research for the year 

1932- 33. Price As. 6 or Sd. 

ICAR. 12*34: Annual Report of the Imperial Council of Agricultural Research for the year 

1933- 34. Price Be. 1-8-0 or 2s. 6d. 

ICilR. 12*36 Annual Beport of the Imperial Council of Agricultural Besearchfor the year 

1934- 35. Price Be. 1 or Is. 9d. 

ICAR. 12 *36 Annual Beport of the Imperial Council of Agricultural Bosearch for the year 
1936-36. Price As. 14 oris, 6d. 

ICAB. 12*37 Annual Beport of the Imperial Council of Agricultural Besearchfor the year 

1936- 37. Price Be. 1-2.0 or 2s. 

ICAB, 12*38 Annual Report of the Imperial Council of Agricultural Research for the year 

1937- 38. PriceAs. 12orls. 


7. Agriciiltxire and Animal Husbandry in India (oalled Review of Agricultural 
Operations in India up to 1983) 

ICAR. 9*29 Review of Agricultural Operations in India, 1928-29. Price Rs. 3-2-0 or 
6s. 6d. 


ICAR. 9*31 
ICAB. 9 *33 


ICAR. 13*1 -36 
ICAR. 13 ‘2*36 
ICAR. 13*36 

ICAR. 13-37 


Review of Agricultural Operations in India, 1 929-31. Price Rs. 6 or Ss. 3d. 

Review of Agricultural Operations in India, 1931-33. Price Rs. 6-12«0 or 
9s. 6d, 

Agriculture and Animal Husbandry in India, 1933-34 and 1934-35 — 

Part I — Crop Production. Price Rs. 4-14-0 or 8s. 

Part II. — Animal Husbandry. Price Re, 1 or Is. 9d, 

Agriculture and Animal Husbandry in India, 1936-36. Price Rs. 4-10-0 or 
7s. 9d. 

Agriculture and Animal Husbandry in India, 1936-37. (1939). Price 

Rs. 7 or 11s. 


IC.^R. 13-38 Agriculture and Animal Husbandry in India, 1937-38 {In Press), 

8. Proceedings of the Board ol Agriculture and Animal Husbandry 

ICAR. 2 Proceedings of the First Meeting of the Animal Husbandry Wing of the Board 

of Agriculture and Animal Husbandry held at New Delhi from the 20th 
to the 23rd February 1933, with Appendices, Price Rs. 6-14-0 or 9s. 6d. 


ICA R . 3 Proceedings of the First Meeting of the Crops and S oils Wing of the B card of 

Agriculture and Animal Husbandry in India held at Delhi from the 26tb 
February to the 2nd March 1 936 with Appendices. Price Rs. 6 or 9s- 9d, 

ICAR. 2*2 Proceedings of the Second Meeting of the Animal Husbandry Wing of the 

Board of Agriculture and Animal Husbandry held at Madras from the 
14th to the 16tb December 1936 (1938). Price Rs. 3-10-0 or 6s. 3d, 
ICAR. 3 * 2 Proceedings of the Second Meeting of the Crops and Soils Wing of the Board 

of Agriculture and Animal Husbandry in India held at Labor© fro m the 
6th to 9th December, 1937 with Appendices (1939). Price Rs. 4-2-0 
or 6s. 6d. 


9. Marketing Series (Agricultural Marketiiig in India) 

A,M.A. 1 Report on the Marketing of Wheat in India (1937). Price Rs. 1-4 or 2s, 

A M.A. 2 Report on the Cold Storage and Transport of Perishable Produce in Delhi 

(1937). Price As. 12 or Is. 3d. 

AgriculturalProduce(€rrading& Marking) Act, 1937, with rules made prior 
to 1st April 1937 (1937). Price As, 2. 


A.M.A. 3. 




PUBLICATIONS OF THE IMPL. COUNCIL OF AGRi. RES. 


A.M.A. 4. Beport m the^ Marketing of Wheat in India (Abridged Edition) (1938). Price 

A.M.A. 5. Ditto Hindi version (1938). Price As. 8 or lOd. 

A.M.A. 6. Ditto Urdu version (1938). Price A.s. 8 or lOd. 

A.M.A. 7. Annual Report of the Agricultural Marketing Adviser and Summarised Reports 

of tho Senior Marketing Officers in Provinces and certain Slattis for the 
year endmg S 1st December 1937. (1938). Price As, 6 or 8A 
A.M.A. 8. Report on the Marketing of Linseed in India ( 1038). Price Rs. I -4* 

A.M.A, 9. Report on the Marketing of Eggs in India and Burma (1 938). Price R,s. 1 -4 oi 

A,M.A. 10, Report on the Marketing of Tobacco in India and Barma (I939L Priar 
Rs. 1-4 or 28, 

A.M.A, 12, Report on the Marketing -of Linseed in India (Abridged edition) (1939). Price 
As. 8 or lOd. ^ 

(Note.- — A.M.A. 11 is not yet issued.) 

10, Catalogae of lailan Insects 

The following parts have been issued : — 

ICAR, il * 1 1. Acrydidse (Tettigida?). By T. Bainbrigg© Fletcher. 1021. Price Amm. I, 

ICAR. 11 ’2 2, CulicidiB. By R. Senior- White. 1923. Price Re. i-10. 

ICAR. 11-3 3, Bombyliidae. By R. Senior- White. 1923. Price As. 8. 

ICAR. 11*4 4. Trypetidae (Trypaneid®). By B. Senior- White. 1924. Price As. 8, 

ICAR. 11*6 5. NitidulidsB, By S. N. Chatterjee. 1924. Price As. 10. 

ICAR. 11*6 6. Staphylmidse. By M. Cameron. 1025. Price Re. 1-14, 

ICAR. 11*7 7. Lasiocampidge. By T, Bainbrigge Fletcher. 1925. Price As. 12. 

ICAR. 11*8 8. AmatidsB (Syntomidse). .By T. Bainbrigge Fletcher. 1925. Price As. 12 

ICAR. 11*9 9. Zygfenidse. By T. Bainbrigge Fletcher. 1025. Price Re. 1-5, 

ICAR. 11*10 10. StephanidsB. By G. R. Dutt. 1026. Price Re. 1-2, 

ICAR. 11*11 11. Brenthidse. By Richard Klein©. 1926. Price Re. 1-2. 

ICAR. 11*12 12. Tabanidse. By R, Senior- White. 1927. Price Re. 1 - 12 . 

[CAR. 11*13 13. Cicindelidffi. By Merica Heynes-Wood and Cedric Dover. 1028, Friee 

Rs. 2-8. 

[CAR. 11-14 14. Palpicornia. By A. d'Orehymont, 1928. Price Rs. 2-8. 

[CAR. 11-15 15. Ceeidomyidse. By R. Senior- White. 1028. Price As, 7. 

[CAR. 11-16 16. Cosmopterygidje. By T. Bainbrigge Fletcher. 1928. Price As. 10. 

ICAR. 11*17 17. Yponomeutid® By T. Bainbrigge Fletcher, 1928. Price As. 8, 

[CAR. 11*18 18. Carabid^. By H. E, Andrewes. 1931. Price Rs. 8*10, 
tCAR* 11*19 10. Gyrinoidea. By George Ochs. 1930. Price As. 12. 

CAR. 11*20 20. Aiucitidaa (Pterophoridse). By T. Bainbrigge Fletcher, 1931, Price 


India (Abridged Editioa)„(1038|. Price 


A.M.A, 5. 
A.M.A. 6. 
A.M.A. 7. 

A.M.A. 8. 
A.M.A, 9. 


ICAR. 11 • 1 
TCAR. 11*2 
ICAR. 11*3 
ICAR. 11*4 
ICAR. 11*6 
ICAR. 11*6 
ICAR. 11*7 
ICAR. 11*8 
ICAR. 11*9 
ICAR. 11*10 
ICAR. 11*11 
ICAR. 11* 12 
ICAR. 11*13 

ICAR. 11-14 
ICAR. 11-15 
ICAR. 11-16 
ICAR. 11*17 
ICAR. 11*18 
ICAR. 11*19 
ICAR. 11*20 

ICAR. 11*21 
ICAR. 11*22 

ICAR. 11*23 
ICAR. 11*24 


Price Annii. I. 


Price As. 8, 


Re. 1-6. 

21. Lycidas. By R. Klein©. 1931. Price Re. 1-2. 

22. PhaloniadsB and Chlidanotidse. By T, Bainbrigge Fletcher, 1931. Price 

As. 6, 

23. . Chalcidoidea. By M. S. Mani, M.A, (Res.), 1937, Price Rs. 3-2-0 or 
24. Evanidae, by M. S. Mani, M.A. (In Preaa)* 

11. MisceEaneons 

A Description of the Imperial Institute of Pefceriaary Re jearch, Muktesar, 
audits Sub-station, the Imperial Veterinary Serum Institute, Izatnagar. 
By F. Ware, F.R.C.V.S.. 1. V.S. Price Re. 1-4-0 or 2#. 


... 





ARI 7. 187 


ICAR. 16 


ICAR 7 


ICAR. 18 
ICAR. 19- 1 


ICAR. 19- II 


ICAR. 19 -III 


ICAR. 19- IV 


ICAR. 19 -V 


19 • VII. 


ICAR. 19- VI 


ICAR. 19- VIII 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [^jX Vl 
The C|garetteTob^eo by ^ By F. J. F. Shaw,C.I.E., 

M. No;m: ■fe.prinA af!"^ 

Report on the Work of the Imperial Council of Aerienlturel t • 

Report on the Cost of Production of Crons in thp> Pri*Ti«;ir»oi o % 

S““ “ Srr 

vSrs‘£.i;,?sfSii£‘7r£.'s! 


ofthefrontcover. Prices are inclusive of packing and Ind^VosS. ^'*^® 
“"“'■■p'Sl5lta,!°“"®‘’‘*“* »” VoboJ p.«»dins ,h. U.. 
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